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ABSTRACT
This study examines the economic sources of variation 
in the supply of rice and soybeans in the Mississippi 
Delta. As farmers alter their land allocations to various 
crops, they cause fluctuations in the supply of agricul­
tural products. Traditional theory posits that acreage 
planted is a function of lagged prices, but does not 
explicitly recognize some technological constraints. One 
prevalent technological constraint is that the monocropping 
of particular crops results in a significant decrease in 
land productivity. The model in this study attempts to
improve the specification of the technological constraint 
of declining soil productivity due to monocropping. Two 
different statistical methods were used to estimate the 
system of equations derived from the mathematical model. 
The empirical results depend upon the statistical tech­
nique. The technique involving the fewest restrictions on 
parameters supports the "adjustment costs" concept asso­
ciated with the traditional models. When certain restric­
tions are placed on the parameters of the price process, 
which also appear in the decision rule, the results support 
the hypotheses of this study. The first hypothesis is that 
declining soil productivity plays a significant role in 
farmers' land allocation decisions. The second hypothesis 
is that farmers optimally allocate their land in each time 
period.
INTRODUCTION
One observes considerable variation in agricultural 
supply from one production period to the next. These 
variations arise from two basic sources. The first source 
is from natural phenomena, such as weather conditions, 
disease and insect infestations. This source of variation 
in agricultural supply is included in economic models as 
random shocks to production. The second source of varia­
tion is man-made and economic in character. Collectively, 
farmers cause fluctuations in agricultural supply by 
changing land allocations. This study will examine 
Mississippi Delta soybean and rice producers' land 
allocation decisions subject to the technological and 
biological constraints of the Delta. Fluctuations in land 
allocation will be tested to indicate whether they arise 
from the dynamics of the production function (i.e., the 
depletion of land productivity), price movements, or shocks 
to productivity (such as weather). To analyze the supply 
response, both a theoretical and an empirical model of 
Mississippi Delta land allocation for the production of 
rice and its substitute, soybeans, are constructed.
In this study, the Mississippi Delta is defined as 
Arkansas, Louisiana and Mississippi. Farmers of rice and 
soybeans in the Delta States face similar alternatives and 
the two substitute goods are both major crops in the Delta.
1
These states are homogeneous in the sense that the alluvial 
soil types, climate, rainfall, proximity to markets, and 
methods of marketing are similar. The supply response in 
the Mississippi Delta is important, because two-thirds of 
the rice and a fourth of the soybeans grown in the United 
States are produced in the Delta region.
The following is an examination of various economic 
factors that affect the annual land allocation fluctuations 
in the Mississippi Delta region. There are advantages to 
specialization that must be recognized. Increasing returns 
from specialization imply that the optimal cropping pattern 
may be to plant the same crop in the same field year after 
year.
If farmers were to follow such rigid cropping patterns, 
then they could operate with more certainty and perform 
more efficiently by maintaining schedules of efficient 
routines regarding the amount and timing of their employ­
ment of capital and labor. These apparent advantages from 
repetition and specialization are in sharp contrast to the 
fluctuations in land allocations that one actually 
observes. If farmers would plant a constant acreage in 
each crop, then the primary source of fluctuation in the 
supply of agricultural goods would arise from natural 
shocks to productivity.
One economic cause for production fluctuations may be 
correctly represented by the conventional agricultural 
supply models.*- This fluctuation would arise from the 
situation where farmers are striving to attain their 
long-run equilibrium levels of planted acreage. However, 
they never quite achieve those desired acreages, because 
they incur "adjustment costs". These adjustment costs are 
not stated explicitly in the conventional models. However, 
it is posited that in the long-run these adjustment costs 
will be overcome and the acreage planted will tend toward a 
long-run equilibrium level of desired acreage for each 
crop.
Another cause for production fluctuations, which also 
appears frequently in the standard models of agricultural 
supply response, is due to changes in product prices. 
Therefore, the concept of expected prices is referenced and 
some method of accounting for the difference between ex­
pected price and actual price is modeled. This study will 
include the notion of price expectations, but will not 
incorporate the traditional methodology of treating these 
expectations. The concept of rational expectations rather 
than adaptive expectations will be applied.
*"Marc Nerlove, "The Dynamics of Supply: Retrospect
and Prospect," American Journal &£ Agricultural £so.pomi<?.a, 
December, 1979, p. 874.
A third economic cause for fluctuations is related to 
changes in the prices of factors of production, in con­
junction with these factor costs are technological develop­
ments concerning agricultural production. These changes in 
costs of production will not be included in the model due 
to a lack of data concerning these input variables.
A fourth economic cause of production fluctuation
concerns another technological constraint, relating to a
natural phenomenon. The phenomenon is that certain crops
significantly deteriorate the soil's productivity.
Consequently, farmers must respond to prior planting
patterns. Namely, they cannot plant certain crops on the
same plot of land year after year. This integral factor in
farmers' land allocation decisions has been ignored in
traditional agricultural response models. However, this
concept was recently incorporated into a model of the
2
Egyptian agricultural supply response.
This thesis applies the methodology incorporated by 
Eckstein in his Egyptian model. Additionally, this study 
attempts to improve upon previous efforts at specifying the 
deterioration of land productivity. The fact that farmers 
face an intertemporal problem due to their restrictions 
from prior plantings makes this a problem of dynamic opti-
2
Zvi Eckstein, "A Rational Expectations Model of 
Agricultural supply," j.o.u.cnal fif Poli-tica.1 Economy* Volume 
92, Number 1, 1984, p. 1.
mization. A problem with Eckstein's model was that it 
included current acreage planted in the specification of 
the land deterioration term.
The empirical results from this study depend upon the 
estimation technique used. When the production and price 
equations are estimated individually, the hypothesis is 
supported by the empirical results. If the hypothesis that 
farmers are constrained by their prior cropping decisions 
due to land productivity, deterioration is not rejected in 
the analysis, it is not necessary to rely upon an ad hoc 
assumption that farmers incur some ill-defined "adjustment 
costs.” Rather, the technical constraint of land produc­
tivity deterioration can be explicitly included in the 
production function, the profit maximization function, and 
the decision rule.
When the production and price equations are estimated 
as a system, the empirical results do not support the 
theoretical model. Key parameters are of the wrong sign 
and the estimates of elasticity are consistent with the 
"adjustment costs" concept.
The remaining chapters of this thesis are as follows. 
Chapter 2 is a literature search of traditional agricul­
tural supply response models and a discussion of some 
criticisms of those models. Chapter 3 presents a rational 
expectations dynamic agricultural supply response model, 
where the dynamic element enters the model through a
natural process inherent in production. Chapter 4 is a 
discussion of the data and the empirical results of testing 
the model. Chapter 5 discusses the development of the 
research involved in this thesis and two of its impli­
cations. One concerns the implications that the results 
have toward agricultural supply response modeling. The 
second concerns the implications that the results have 
toward the methodology of government agricultural policy 
analysis.
LITERATURE SEARCH
Five classifications of articles are included in this 
literature search. Articles on the fundamentals of econo­
metric model building for commodity markets are discussed 
first. Rice models comprise a second category. Third, 
models which focus on the effects of U. S. policy instru­
ments on commodity markets are examined. Fourth, a tech­
nique by Nerlove, which contains elements of both the first 
and the third previously mentioned classifications, will be 
analyzed in detail. Nerlove's article is the basis for 
current traditional supply response models. Finally, arti­
cles which criticize the traditional supply response models 
are reviewed.
Four writings offer a perspective of the fundamentals 
of model building. Karl Fox wrote the earliest work, The 
Analysis of Demand for Farm Products.1 Fox described the 
various stages involved in the process of specifying a tra­
ditional econometric model for a commodity. One fundamental 
notion is that of employing a cobweb model, where acreage 
planted is a function of last year's prices. Other basics 
include specifying the supply of a good as a function of 
its substitutes' prices, factor prices, income, and some 
variable representing taste, e.g. a time trend, wholesale
1Karl Fox, The Analysis &£ Demand for Farm Products. 
USDA Agricultural Bulletin, 53-293, May, 1953.
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and retail marketing margins are also included in the sys­
tem. When exports are included in the model, the produc­
tion and income for each of the trading countries as well 
as freight rates, import duties, quotas, and exchange rates 
are variables to be considered. When stored crops are 
studied, anticipated future prices are incorporated into 
the model.
Aggregation problems arise from several sources. The 
behavior of agents, who include farmers, processors, dis­
tributors and consumers, are aggregated. Transactions are 
aggregated annually, which does not truly reflect the con­
tinuous nature of trading throughout the year. The study 
of rice, in particular, involves additional problems. Rice 
is not a homogeneous commodity; rather it can be classified 
into three distinct lengths. After rice is milled, it is 
subdivided into several more categories ranging from long- 
grain head rice to brewer's brokens.
Foote also wrote an early fundamental article outlining 
a framework for analysis entitled Analytical Tools for
Studying Demand and Price Structures.2 The article
reiterated ideas for specification, while including com­
ments on both the statistical form as well as the lag 
structure of a time series. Additionally, he discussed
2
Richard Foote, Analytical Tools for Studying Demand 
and Price Structures. USDA Agriculture Handbook No. 146, 
1958.
marketing margins, i.e. relationships among prices at 
various distribution levels.
In "Principles of Policy Modeling in Agriculture,"
Rausser and Just summarize the principles into several main 
3
points. They suggest explicitly defining goals, empha­
sizing the experimental role of the model, accommodating 
structural change, optimally using information, incor­
porating intuition and judgment, and usefully specifying 
policy instruments.
The fourth article on the fundamentals of econometric 
models of agricultural commodities is by Thompson and 
Abbott, who focus on the specification of international 
agricultural trade.^ "New Dimensions in Agricultural 
Trade Analysis and Forecasting" begins with a general 
equilibrium multi-commodity, multi-regional model. Then 
based upon the purpose of the model, Thompson and Abbott 
offer some examples of simpler models to deal with specific 
issues. They discuss whether a variable should be treated 
as endogenous or exogenous, or omitted. In their study the
3
Gordon Rausser, ed., New Directions in Econometric 
iiQ.deling, and Forecasting in U.S. Agriculture (New York: 
Elsevier Science Publishing Co., Inc., 1982), ch. 22.
^Robert Thompson and Philip Abbott, "New Developments 
in Agricultural Trade Analysis and Forecasting," New 
DJl.CQgti.Qna in Econometric Modeling and Eq£.q qgating in U.S. 
Agriculture. Gordon Rausser, ed., (New York: Elsevier
Science Publishing Co., Inc., 1982), p. 345.
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specification of international trade is simplified to a 
single commodity, non-spatial model. The non-spatial 
procedure, as opposed to the spatial, suppresses the trade 
flows between pairs of countries, and examines only the net 
trading positions of the country being studied.
Three of the four rice models which comprise the second 
category in this search are spatial models. The first, by
5
Grennes, Johnson and Thursby, is a world trade model for 
rice. To describe the majority of rice exports and 
imports, they divided the world into six regions: the U.S., 
EEC-9, Japan, East Asia, Southeast Asia, and South Asia. 
They used an Armington-type model, that is, a spatial model 
that distinguishes goods by place of production, to predict 
percentage changes in trade flows, consumer prices and 
export prices. Exogenous shifters are disposable income, 
trend terms and transport cost charges. Government policy 
variables were excluded. Predictions of both trade flows 
and prices were poor, often of the wrong sign and rarely 
near the magnitude of the actual observation.
Adams and Behrman offered a highly aggregated world
f?
rice model. Nine equations, representing supply, demand,
5
Thomas Grennes, Paul Johnson and Marie Thursby, 
"Insulating Trade Policies, Inventories, and Wheat Price 
Stability," American Journal of. Agricultural Economics, 
February, 1978, p. 132.
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demand, and price determination equations for developed, 
developing, and centrally planned economies, were 
estimated. Most of the explanatory variables were lagged 
dependent variables, dummy variables or time trends. They 
found little price responsiveness, except in developed 
countries.
Petzel and Monke considered rice quality variations and
7
government intervention in rice markets. They examined 
relationships among various prices and qualities of rice 
traded by employing a spatial model of major exporters and 
importers. They found the rice market to be well inte­
grated with respect to quality, i.e., price was directly 
related to quality. They perceived that sufficient substi­
tution occurred across qualities and also among interna­
tional traders, so that the price of any widely traded 
variety would be indicative of rice prices in general.
The result of this substitution is that policy actions 
have effects throughout the world rice market, hence tra­
ders react to changes in government instruments. These 
instruments don't diminish the role of price in the mar­
kets; they are simply additional determinants of the supply
g
Gerard Adams and Jere Behrman, Econometric Models of 
World Agricultural Commodity Markets (Cambridge, Ma.: 
Ballinger Publishing Co., 1976).
7
The Integration &£ International Bi<?e HaJCJieir
(Food Research Institute Studies, Volume XVII, No. 3, 
1979-80), p. 308.
12
and demand for rice. This implies that U.S. instruments 
have a widespread rather than a specific impact on world 
prices.
Falcon and Monke further analyzed the world rice market
O
and government intervention. They determined which coun­
tries had a large variance of quantities of imports and 
exports. These countries were included in their market 
surplus model of international rice trade. According to 
the study, only the U.S. and the People's Republic of China 
responded to world price movements. Other countries simply 
desired to maintain consumption levels; therefore, changes 
in production resulted in changes in imports and exports 
only after domestic consumption needs were satisfied. That 
is, a decrease in national rice production meant that, 
initially, consumption would not decrease, but exports 
would decline. A country would import only when its pro­
duction was so small that desired consumption exceeded 
production. Furthermore, fluctuations in trade within a 
small group of countries caused, rather than resulted from 
world price movements. They concluded that most inter­
national rice trade consists of government-to-government 
contracts and that the relationship between domestic and 
world prices is indeed a function of government policy.
O
Walter Falcon and Eric Monke, International Trade in 
Rice. (Food Research Institute Studies, Vol. XVII, No. 3, 
1979-80), p. 279.
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Two models which analyze the effects of government
policy instruments will now be discussed. The first model
is presented in the book Soybeans and Their Products by
g
Houck, Ryan and Subotnik.
Houck, et. al., built a cobweb model of the U.S. soy­
bean economy using annual data covering the 1947-67 period. 
They specified six production equations which correspond to 
the six soybean producing regions in’the U.S. For most of 
these equations, acreage harvested in each region is a 
function of lagged acreage planted in each region, lagged 
soybean price, lagged price of a competing good, and
government support prices for soybeans and its substitutes. 
Short-run and long-run price elasticities were calculated
from the estimated coefficients.
Soybean demand is represented in a thirteen-equation 
model. It includes equations for the domestic demand for 
soybean meal and soybean oil, export demand for soybean 
meal, soybean oil and soybeans, private stock for demand
for soybeans and soybean oil, technical and physical rela­
tionships among meal and oil conversion from beans, a price 
linkage to determine marketing spread, and market-clearing 
identities.
Domestic demand is specified as a function of the price 
of the good, production or price of competing goods, and
g
James Houck, Mary Ryan and A. Subotnik, Soybeans and 
Their Products. (Minneapolis: University of Minnesota
Press, 1972).
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production of the final good, which employs bean products 
as inputs. Export demand for soybeans and soybean products 
is typically a function of the price of the soybean product 
divided by the price of a substitute good, as well as the 
inventory of final goods in importing countries which re­
quire beans as a factor of production divided by the pro­
duction of beans in importing countries. Other independent 
variables in the export demand equation are time, a 
national income index, government exports, production of 
substitute goods, and supplies of substitutes.
Private stock demand is typically a function of the 
first difference in the price of the soybean or bean 
product, first difference in the price of the final good 
produced from soybeans, ending stocks of the final good, 
commercial supply of the final good, quantity of the 
soybean final good produced, and lagged ending stocks of 
the final good.
The model was used to estimate price elasticities for 
domestic, export, and stock demand for beans, meal and oil. 
The supply and demand sides were then combined and both dy­
namic as well as long-run multipliers for changes in policy 
variables were calculated from the final form of the sys­
tem, which had been transformed from the solved reduced 
form equations. Four policy variables were analyzed: price 
supports and acreage restrictions on the major U.S. crops 
competing with soybeans, U.S. government exports of soybean
15
oil, U.S. government exports of cottonseed oil, and
finally, price supports for soybeans.
Blakeslee constructed a 12-equation model of the U.S. 
wheat sector for the period 1 9 5 4 - 7 4 . Since the 
objective of the study was to measure the impact of policy 
instruments on the wheat economy, the government instru­
ments were explicitly included in the model. This is a
cobweb model, whose supply side contains acreage planted 
and yield per acre equations. A production identity 
equation completes the supply sector. The remaining
equations, representing demand, comprise a simultaneous
system. Demand is subdivided into both export demand as 
well as domestic demand, which is further categorized into 
food, feed and seed. Stocks are divided into privately
held stocks not given as security for government loans, 
stocks held under price support loan, and government-owned 
stocks at the end of the year. The system is closed by a 
market-clearing identity, which establishes an equilibrium 
price.
In addition to traditional explanatory variables, the
following policy instruments are included as variables in 
the acreage equation: acreage allotments, diversion pay­
ments, excess diversion payments, rental rate of conserva-
■^Leroy Blakeslee, "Post World War II Government
Policy Impacts on the U.S. Wheat Sector," College of 
Agriculture Research Center, Technical Bulletin 0093
(Pullman: Washington State University, 1980).
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tion reserve contracts, and acres withdrawn from production 
due to conservation reserve. Furthermore, the following 
are represented by dummy variables: years of voluntary
allotments, years of set-aside, and years of no acreage 
control programs.
Other policy variables appear in the simultaneous
system. Demand for stocks includes loan stocks lagged one 
year, the loan rate, and the loan rate lagged one year. 
The lagged loan rate is also used to explain Commodity 
Credit Corporation acquisitions.
The export demand for wheat includes policy variables 
in addition to traditional variables. These instruments
are government exports and U.S. export subsidies. Finally, 
the instruments of stock acquisitions and government 
exports also appear in the market-clearing identity.
Several historical simulations were made based on 
various policy scenarios. Some scenarios considered only 
changes affecting demand, others entailed changes affecting 
only supply, and finally changes in instruments affecting 
both supply and demand were simulated.
In the 1950's, Nerlove developed the method of adaptive
expectations to model dynamic aspects of supply 
response."^ Since that time more than six hundred models
"^Marc Nerlove, "Estimates of the Elasticities of 
Supply of Selected Agricultural Commodities," Journal of 
Ejaun Economics, May, 1956.
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have been constructed under the assumptions of Nerlove*s 
adaptive expectations model.
The adaptive expectations hypothesis incorporates the 
dynamic element by either a partial adjustment of land or 
an adaptive expectation of price. The adaptive
expectations model for an annual crop can be specified 
through three equations:
At = ao + alPt - a2Zt + °t'
At “ At-1 " V(At " At-l)f (2”2)
pt " pt-l = B *Pt-l “ Pt-1*' (2-3)
where: A^ . is actual acreage harvested in year t,
Pfc is actual price of the crop price per unit in
year tr
#
D
Afc is the desired or equilibrium acreage to be 
under cultivation in year t.
e
Pfc is the expected normal price in year t for 
subsequent future time periods.
are other observed and exogenous variables.
18
Ufc are unobserved factors affecting the area 
under cultivation.
B is the coefficient relating farmers' price 
expectations to observed prices, 0 is less 
than B is less than 1, and
V is the coefficient reflecting the response of 
acreage adjustment to changes in equilibrium 
land area allocations, 0 is less than V is 
less than 1.
Equation (2-1) represents a demand for acreage of a crop. 
Equation (2-2) represents an adjustment process toward 
long-run equilibrium. Equation (2-3) represents an adaptive 
expectations scheme for "normal" prices, assuming expecta­
tions are adjusted as the current values of P become known 
and are compared to their previously expected values. 
Since and a £ are unobserved, the original Nerlove
model consists of either equations (2-1) and (2-2) where
€ O
Pfc “ Pfc, or equations (2-1) and (2-3) where Afc »
The former is called a stock adjustment model and is 
developed in the following manner. Equation (2-1) is 
inserted into (2-2) and P^ is assumed to equal Pfc so 
that:
Addition of A^ ._^  to both sides yields:
At = Vao + ValPt + (1 “ V)At-l + VUf  (2~4)
Equation (2-1) is well defined only if Afc moves 
toward a £ and if farmers have stationary expectations. 
It is assumed that an equilibrium does not exist initially 
due to adjustment costs. The stock adjustment model 
emphasizes that there is a distinction between the long-run
equilibrium position and the current position. The dynamic
element of supply response is introduced through the ad hoc 
assumption that during each period a fraction of the
difference between the current position and the long-run
equilibrium position is eliminated. The stock adjustment 
concept is faulty for two reasons. One, the adjustment to 
equilibrium (if indeed an equilibrium concept is 
appropriate) is too important to be treated in such an ad 
hoc fashion. Two, the ad hoc assumption is too simplistic 
to describe the dynamics of supply where technological 
growth occurs at a rapid and uneven rate, and where demand 
for agricultural outputs and supply of inputs can shift 
drastically.
The second way in which models incorporate dynamic 
elements is through a description of price expectation
20
formation. Adaptive price expectation formation can be 
modeled in the following way. Consider equation (2-3)
pt - pt-i - B <pt-i - pt-i'
e
Add BPt-l to both sides.
P? " P?-l + BPt-l = BP?-1 - BPt-l + BEt-l or
[1 - (1 - B)L)P* a BPt_ir (2-5)
where L is the lag operator which performs the following 
function: L1Xfc =
Equation (2-6) is derived from the following
principle. For the scalar X, where X < 1, 1 = 1 + X
1 - X
_ OO ,
+ X2 + ... s ^ X 1.
tsO
By substituting (1 - B)L for X in the above equation:
1 = 1 + (1 - B)L + (1 - B)2L2 + ... o|l(1 - B) iLi.
1- (1-B) L 130
Therefore, an equation such as (1 - X)pf = BP. . can be
oo ^ u—1
represented by Pfc = B X Pt-i' whereas equation 2-5
can be represented by:
pt -‘H1 - B»lpt-i-i- «*-«>
o
By assuming that Afc = Afc, and by substituting (2-6) 
into (2-1):
21
(2-7)
Equation (2-7) proposes that agents respond to the 
expectation of some "normal" prices, which have been 
revised during each period in proportion to the difference 
between the previous period's expected price and the
expectations process incorporates the assumption that 
agents do not respond to the best forecast they can make of 
the next period's price.
If the adaptive expectations notion that farmers ignore 
some information by reacting only to the expectation of 
some average level of prices in all future periods is 
rejected, then the simplistic and ad hoc nature of the 
model is inadequate to model dynamic optimization in 
response to changing prices. Therefore, the notion that 
agents adjust toward a well defined long-run equilibrium in 
each period is also rejected because the equilibrium is 
well defined only for stationary expectations. That is, 
the equilibrium concept may be relevant for comparative 
statics, but not for dynamics. In conclusion, a theory of 
expectations which involves neither a long-run equilibrium 
concept nor simple forms of stationary expectations could 
provide more meaningful results than a theory of adaptive 
expectations. Nerlove himself in a 1979 article criticized 
the numerous distributed lag formulations, which were based 
on his 50's model, as being ad hoc and too simplistic to
previous period's observed price Therefore, the
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12describe the producer's decision making process.
A formal theory for the dynamic element involved in the
farmer's land allocation decision can be derived by a model
13of optimal farm production behavior. The dynamic
element is introduced through the process of land becoming 
less fertile when a certain crop is grown on the same plot 
in successive years. This process inherent in production 
alleviates the need for an ad hoc strategy of assuming that 
there are some nebulous "adjustment costs." Instead, the 
alternative to adaptive expectations is to model the 
producers' decision rule, which explicitly reflects an
objective function where producers maximize profit subject 
to both the technology inherent in the production process 
as well as available information about the exogenous 
stochastic process.
The remainder of this chapter is a discussion of the 
shortcomings inherent with the conventional methodology of 
government policy analysis. However, a history of
government rice and soybean policy is described first.
Agricultural legislation applicable to rice dates from 
the Agricultural Adjustment Act of 1933; however, it was
12Marc Nerlove, The Dynamics of Supply: Retrospect
and Prospect," American Journal of. Agricultural EgQn.pmj.gg, 
December, 1979, p. 874.
13Zvx Eckstein, "Rational Expectations Modeling of
Agricultural Supply," Ph.D. Dissertation, University of 
Minnesota, March, 1981.
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the 1938 act which was designed to stabilize supplies
specifically through acreage adjustments. The increased
production following World War II created a surplus condi­
tion,. which eventually led to the implementation of acreage 
allotments. More specifically, the basic instrument con­
sisted of the marketing quota-acreage allotment program. 
Each year the government proclaimed a marketing quota, 
which required the approval of two-thirds of the voting 
farmers to become effective. All rice producers had the 
right to vote, and upon passage, the quota became a manda­
tory acreage allotment. High government price supports 
encouraged a favorable vote. Any farmer exceeding his 
allotted acreage was subject to a penalty on the excess 
rice produced.
In the early seventies, widespread drought decreased 
the supply of competing exporters. As a result, production 
constraints were removed after 1973. After a few years, 
the supply situation reverted to its condition of the pre­
vious decades; yet, the government did not revert to its 
old programs.
The Rice Production Act of 1975 suspended the marketing 
quota mandatory allotment provisions, replacing them with a 
voluntary allotment scheme. The old mandatory program re­
lied upon high price supports for a favorable farmer vote. 
Presently, the voluntary program relies upon potential
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deficiency payments in addition to the aforementioned price 
supports, which were lowered by the 1975 law.
Price supports, also known as the loan rate, act in 
conjunction with Commodity Credit Corporation (CCC) loans, 
also known as non-recourse loans. Farmers can plant more 
acreage than they are allotted, however, they are eligible 
for CCC loans only on their allotted production. Farmers 
may sell their rice and pay off their loan with interest or 
they may exercise the non-recourse loan provision by 
forfeiting their collateral, rice, to the government.
The first year in which a significant quantity of rice 
was delivered to the CCC was 1954. The greatest amount of 
rice ever held by the CCC occurred in 1955. Since CCC 
stocks exceeded ten percent of the annual production in
eleven years during 1950 - 1982, the government's acquisi­
tion and release of rice have been substantial components 
of rice demand and supply, respectively.
Rice is released from government stocks only when the 
price rises to a specified minimum price determined by
law. Once the price reaches the release price, the 
secretary of agriculture is free to sell to foreign or
domestic buyers, transfer it back to farmers as payment in
kind, or distribute it as a foreign grant under PL 480.
If farmers meet the voluntary land set-aside and 
diversion provisions (i.e., voluntary allotments), they are
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also eligible to receive deficiency payments as well as 
their CCC loans. Target prices act in conjunction with 
deficiency payments. If the average market price for the 
months of August through December is below the target 
price, which is determined by the government, then farmers 
are entitled to deficiency payments. The payment equals 
the target price minus the five-month average price or the 
target price minus the support price (which ever net 
quantity is less) , times the established yield, times the 
acreage planted to rice. In 1982 for example, the target 
price exceeded the average price resulting in a direct 
payment of $250 million to 25,000 producers. The target 
price exceeded the five-month average during three of the 
years since the inception of deficiency payments.
The government has also employed rice export 
instruments to a significant degree. For many years 
following the second world war, the rice price in the 
United States has been above the prices in the world rice 
markets. Yet, significant amounts of rice have been 
exported commercially. This situation existed because of 
government subsidies to exporters on rice exported from 
December 1958 through 1966 and from March 1969 through 
December 1972. This price subsidy ranged from zero in one 
year to $3.22 per cwt. with most years having a subsidy 
greater than $2.00 per cwt.
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The United States has had various programs in which 
rice was exported on noncommercial terms. Noncommercial is 
defined as exports donated to foreign governments as 
developmental assistance or disaster relief, in addition to 
exports sold according to easy long-term credit arrange­
ments fostered by the government.
Shipments under government programs have accounted for 
a substantial amount of exports. In 1956, four-fifths of 
the exported rice was noncommercial. More recently, 
exports under government programs comprised approximately 
forty percent of United States exports.
There are less government restrictions on soybeans than 
on any other major agricultural commodity. The government 
instrument pertaining to soybeans is the support price, or 
alternatively the non-recourse loan. Soybean price supports 
involve the same concepts as rice price supports, which 
have already been discussed. The support price provided an 
effective floor for soybean prices in 1957, 1958, 1961, 
1967 and 1968.
In the conventional methodology, an initial step is to 
estimate the coefficients in a decision rule, such as 
equation (2-7). For purposes of illustration, let the 
variable in equation (2-7) represent the observation
of a government policy instrument, such as the support 
price, in period t. The current practice of policy 
simulation would treat the estimated coefficients as fixed;
the model would be simulated to consider the values of the 
dependent variable, which is Afc, while allowing Zfc to 
take on various values during or before time period t. 
This practice is faulty because any change in government 
policy toward prices implies that agents are confronted 
with different stochastic processes; therefore, the 
coefficients of the exogenous variables are affected. 
Alternatively, the parameters of the exogenous variables 
are not invariant with respect to government policies; the 
parameters incorporate people's expectations, which change 
when economic policy is changed. Any econometric model 
that treats the coefficients of the decision rule as 
invariant to policy may lead to misleading results.
Lucas pointed out that if "the structure of an 
econometric model consists of optimal decision rules of 
economic agents and the optimal decision rules vary 
systematically with changes in the structure of series 
relevant to the decision maker (then) any change in policy 
will systematically alter the structure of econometric 
models. The implication with respect to short-run
forecasting is that adaptive methods can improve forecasts 
of econometric models. The reason is that the "drift" in
14Robert Lucas, "Econometric Policy Evaluation: A
Critique," The. EhilllRa Curve a M  Labor Markets. Brunner 
and Meltzer, eds., (Amsterdam: North-Holland, 1978), p. 41.
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the policy parameter, which reflects the adaptation of the
decision rules of agents to the changes of the time series
they are trying to forecast, may be a slow process.
However, if the policy changes induce immediate jumps in
the parameter, or if one is concerned with long-run
forecasting or policy evaluation, and the sources of the
drift are ignored, then large and unpredictable errors will
result. In conclusion, simulations of adaptive models
"provide no useful information as to the actual
15consequences of alternative economic policies."
To alleviate the aggregation problem of not being able 
to isolate rice farmers, micro-data of rice farmer land 
allocations is desirable. Researchers at Louisiana State 
University have land usage data for southwest Louisiana
1 fkrice farmers, which was obtained by survey. However, 
the time period of the survey was for only one year. 
Therefore, the survey does not help in the dynamic analysis 
of this study.
The objective of the LSU survey was to provide cost and 
return estimates for rice, soybeans and milo in southwest 
Louisiana. A second objective was to test the impact that
15Lucas, loc. cit.
■'■^ Thomas P. Zacharias, Robert B. Wharton and Brian 
McManus, "A Productivity Analysis of Rice Farmers in 
Southwest Louisiana," Louisiana State University Experiment 
Station, Baton Rouge, Louisiana, Paper presented to the 
1986 RTWG Meeting, Houston, Texas, Feruary, 1986.
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various inputs had on productivity. The items included in 
the survey were whether the farmers' land was owned or 
rented, the type of lease arrangement, the amount of 
machinery, the variety of seed, and the use of fertilizer 
and pesticides.
Results of the survey pertain to 1984. The survey of 
50 southwest Louisiana rice farmers showed that of the 
average area of 877 acres, 325 acres were allocated to rice 
and 511 acres were allocated to soybeans. Alternatively, 
southwest Louisiana rice farmers planted 60% more soybeans 
than rice. It cannot be determined whether their rice 
plantings were constrained by the deterioration of the 
soil, government policies, or a higher return on soybeans. 
No conclusion with respect to the hypothesis of this 
dynamic study can be inferred from the 1984 survey data.
A DYNAMIC MODEL OF AGRICULTURAL PRODUCTION
A Discussion of the Technological Process
The issue is how to model a dynamic production situa­
tion faced by agricultural producers. This issue arises 
from the fluctuations in both total cultivated acreage as 
well as the composition of acreage devoted among various 
crops. Early 20th century efforts'*' hypothesized that a 
crop's acreage fluctuated because the products price was 
unknown at the time of planting.
Another methodology of accounting for the dynamic na-
2
ture of agricultural production was developed by Nerlove 
in the 1950's. The current standard approach of accounting 
for the dynamics of agricultural production, involving the 
application of adaptive expectations, is based on Nerlove's 
work. In the adaptive expectations model, the dynamic 
element can enter the agricultural production model in two 
ways. The first explanation requires the concept of long- 
run equilibrium. It postulates that producers are cur­
rently at a position which is different from the long-run 
equilibrium position. Adjustment costs are the standard 
reason given for the difference between the two positions.
^M. Ezekiel, "The Cobweb Theorem," Quarterly Journal 
of Economics. 52: 280, February, 1938.
2
Marc Nerlove, "Estimates of the Elasticities of
Supply of Selected Agricultural Commodities," Journal of 
Farm Economics. May, 1956.
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Secondly, the formation of expectations concerning 
prices is used to explain the dynamics. Expected product 
prices in each period are hypothesized to be revised in 
proportion to the difference between the prior period's
actual and expected prices. Hence, the dynamic nature of 
agricultural supply response was postulated to enter
through either a deviation from a well-defined long-run 
equilibrium position or a revision of price expectations 
dependent upon prior actual and expected prices.
In the agricultural supply response model developed in 
this paper, the dynamic element of producers' cropping 
decisions is introduced by explicitly incorporating the 
technological process which occurs during production. This 
technological process is embodied in the occurrence of
certain types of agricultural products significantly 
reducing the productivity of land. The implication of
explicitly accounting for the technological process of 
production is that the constraining process will therefore 
also be explicitly incorporated into the objective 
function. Hence, this supply response model is based upon 
an objective function which explicitly accounts for the 
dynamic element rather than being based upon the ad hoc 
notions associated with adaptive expectations.
Since expectations were mentioned earlier, the fol­
lowing note is included. Unlike the adaptive expectations 
model, where price expectation formation is one method of
achieving a dynamic model, the dynamic nature of this model 
will not enter through the rational expectations assump­
tion. The rational expectations hypothesis arises from the 
assumption of uncertainty concerning the stochastic 
processes, which are prices and shocks to productivity. 
However, the uncertainty problem is treated by assuming
that expectations are formed rationally in the sense of 
3
Muth . That is, the uncertain future values of the 
exogenous variables are represented by their certainty 
equivalents. The certainty equivalents are the
minimum-mean-square-error forecasts derived from current 
information of the system generating the data.
Returning to the dynamic agricultural supply response 
problem, Eckstein's^ specification in his dissertation 
was:
Ylt = {(cl + Xlt “ Alt + f(At " Alt-l)}Alt' 
where:,
= production of cotton in year t 
e, c^, f = positive parameters of the production function 
Xft = shock to productivity of cotton in year t
3
John Muth, "Rational Expectations and the Theory of 
Price Movements," Econometrica. 29:3-22, 1961.
4
Zvi Eckstein, "Rational Expectations Modeling of 
Agricultural Supply," Ph.D. Dissertation, University of 
Minnesota, March, 1981, p. 28.
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A^t = land allocated to cotton in year t
Afc = total cultivated land available at time tr where 
total is further defined as cotton area plus wheat 
area.
The implications of the parameter signs are that cotton 
production can be described by 1) a quadratic production 
function
c A  -  - £ A
it
ciAitwhere the 
term represents the 
direct relationship 
between cotton pro­
duction and cotton 
acreage,
6and the -_____ A., represents the occurrence of diminishing
2 AC
marginal productivity; 2) shocks to productivity; which are 
uncontrollable and random, such as weather; are represented 
by the term; and 3) a deterioration in land
productivity,
It
It
f(A
^ (At “ Alt-1)
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The dynamic term f(Afc - was Eckstein's way of
representing deterioration of productivity due to
5
successive cotton cropping. Eckstein stated that since 
f was hypothesized to be positive, then a decrease in total 
available land, Afc, or an increase in the prior year's 
cotton acreage, would cause cotton productivity in
Yltyear t, — --- , to decrease.
Alt
A fundamental problem with the deterioration 
specification is that since (Afc - will always be
positive and because f is hypothesized to be positive, the 
deterioration term, - Ait-1^' cannot have a
negative effect on average productivity. Whereas, by 
definition the deterioration term should account for an 
element of negative productivity in cases where cotton 
received large land allocations in recent years. 
Eckstein's original specification did not account for this 
phenomenon.
Eckstein6 in his 1984 JPE article specified 
production by the equation:
Ylt = *C1 + xlt “ -f— Alt^Alt + f*1 “ — )Ait'
Pi Pi
5Eckstein, op. cit., p. 29.
g
Zvi Eckstein, "A Rational Expectations Model of 
Agricultural Supply," Journal of Political Economy. Volume 
92, Number 1, 1984, p. 6.
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where the variables are defined as in his dissertation. In 
this model, the time subscript was dropped from total 
acreage A, so that A is implicitly assumed to be constant; 
although on page 5 of the JPE article Eckstein defines A to 
be the total available cultivated land at time t.
A AThe f(l - lt-1 - It ) A-. . term is now intended to 
A A
represent the deterioration of land productivity. Since f 
is hypothesized to be positive, then if the sum of current 
and lagged cotton acreage is greater than the mean of total 
acreage during the entire period being studied, the
f(l - A1t-1 - Alt ) will be negative. This negative
A A
Yltterm will lead to a decline in average productivity, —  ---- .
Alt
Conversely, if the sum of the ratios are less than one, the
average productivity increases.
Eckstein does not state specifically why the cotton
acreage in year t should appear in the deterioration term
for the production function for cotton. One reason might
7
be that the model, which draws heavily from Sargent's 
labor demand model, follows Sargent's specification.
O
Sargent models the cost of adjusting the straight time
7
Thomas Sargent, Macroeconomic Theory (New York: 
Academic Press, 1979), pp. 195-201.
O
Sargent,op. cit., p. 196.
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2
labor force by (d/2) (nlfc - nit-l^ and t*ie cost °f
2
adjusting its overtime labor force by (e/2)(n2t“n2t-l> f 
where d and e are positive parameters, is straight-
time labor in the tfc** period and n2t is overtime
labor. Sargent assumes that it is more costly to adjust 
the straight-time labor force, consequently d»e. Soil 
deterioration embodies a different concept, because a
history of land usage is necessary to calculate the 
deterioration effect. Sargent's specification with respect 
to adjustment costs of more employees vs. overtime pay may 
not be appropriate in the land deterioration model.
A second reason why current cropping may have been
included in the deterioration term is that it'creates a
^lt-1 ^lt-2computationally simpler problem than an f (1—_______  -  )
A A
term would have. Since the latter implies an optimization 
problem with a higher order difference equation than 
Eckstein's model, the complexity of its solution would 
increase.
In Eckstein's JPE model, total acreage in year t is 
excluded from the model. Therefore the model ignores the
flexibility which producers gain when total acreage '
increases. Since the change in total Egyptian cultivated
land is negligible, little harm is done by excluding total 
acreage. However, total rice and bean acreage in the Delta 
grew from 2,100,000 acres in 1953 to 9,300,000 acres in
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1970. This vast addition of cultivated land and the 
corresponding increase in farmers' flexibility in planting 
decisions should be reflected in the specification of the 
Delta production function.
Additionally, a critical problem with the model is due 
to its specification error. Examples 1 and 2 in the table 
below describe cases where it is highly unlikely that 
Eckstein's specification captures the phenomenon of changes 
in average productivity.
Table 3.1
A Hypothetical Example of Acreage Allocations 
During Two Consecutive Years 
YEAR COTTON ACREAGE TOTAL ACREAGE
example 1
t-1 70 100
t 35 100
example 2
t-1 10 100
t 95 100
A A
In both examples above, (1 - lt-1 - ) = -.05.
A A
Since f > 0, the deterioration expression would cause a 
decrease in average productivity. This specification
38
cannot discriminate between two patterns of land use that 
are radically different.
In conclusion, Eckstein in his JPE article formulates a 
valuable model specification in terms of providing a 
dynamic framework, but he fails in accounting for farmers' 
flexibility due to increased total acreage and his model 
cannot discriminate between empirically significant 
differences in land use.
The model developed in this paper will draw upon the 
advantages found in both of Eckstein's models. To begin, 
it is noted that the land deterioration effect of cotton 
and wheat in Egypt is analogous to rice and soybeans, 
respectively, in the Mississippi Delta. Cotton and Wheat 
are rotated in Egypt as rice and soyeans are rotated in the 
Delta. A myriad of alternative declining productivity 
specifications could be posited. First, longer lags could 
be employed to provide a more complete history of cropping 
patterns, thereby adding information regarding the soil 
condition. Second, ideally the model would specify the 
cost of other factors of production. More specifically, 
the model would include the trade-off between successive 
rice cropping and the increased cost required to compensate 
for the deteriorated land productivity. Third, a model 
could be constructed, which is eclectic in the sense of 
drawing upon the best elements of Eckstein's models, and
39
pragmatic with respect to incorporating variables which are 
measurable.
An example of deterioration in a model in the first 
category mentioned above would be f[(A^t - Ait_i)
(Alt-l ” Alt-2J1 Alt* T^e term represents another
attempt to deal with the circumstances of vastly increased 
total acreage in the Delta. The difference between acreage 
in years t and t-1 must exceed that of years t-1 and t-2 
before productivity is hypothesized to decline. It offers 
a variation from the original Eckstein specification by
providing an alternative which is not necessarily always 
positive. This specification attributes a heavy weight to 
once lagged rice acreage. One advantage is that it
includes more information on the history of the soil's use 
by including the Ait_2 term. A second advantage in terms
of convenience of computational analysis is that it does
oo A.. .
not include a (1 - term. The theory behind
L=o »
At-1
A A
Eckstein's (1 - - lt~1) term would
A A
be infeasible because rice acreage in recent decades has 
approximated such a small portion of total acreage.
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TABLE 2
Mississippi Delta Soybean and 
Rice Acreage During Selected Years
YEAR SOYBEAN ACREAGE RICE ACREAGE
(Thousand acres) 
1963 4536 993
1968 7545 1318
1973 8980 1215
1978 11340 1892
1983 9420 1461
The disadvantages of the above model are that the 
deletion of the A^ . term prohibits accounting for farmers' 
flexibility in planting decisions, as mentioned earlier, 
and that the model presents computational difficulties due 
to the second degree lag. If the model could be specified 
reasonably well by a simple lag structure, then incorpor­
ating the additional information would not be worthwhile.
A model in the second category of alternatives would 
recognize costs of inputs. The advantage would be a more 
detailed model with more information since factor costs 
would explicitly be recognized as a constraint in the 
objective function of profit maximization. This second 
category of alternatives is not possible, since the cost 
data are not available.
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A representation of the third category of models can be 
specified as follows:
f [ (_ 1) * - where (__!_)* represents a
A At-1 A
constant equal to the mean of the ratio of rice acreage to 
total acreage. By incorporating At_^, which is once 
lagged total cultivated land, the model recognizes farmers' 
increased flexibility due to an increase in total acreage, 
or similarly their reduced flexibility due to a reduction 
in total acreage. It is assumed that some of the new 
acreage will be adaptable to rice production.
A1 *By including the mean term, ( ) , the model avoids
A
Ai i-» ^11
Eckstein's (1 - ______  -  ) term. Given the scenario
A A
A1 *in Table 1 and a (_____ ) = 1/4, the land deterioration
A
A1 ★ A*1 L _1
term, f[(_____) -   1 . would contribute to a
A A
decline in productivity in year t in example 1 and an 
increase in average productivity in year t in example 2. 
The effect on production of the large rice acreage in year 
t in example 2 will be partially mitigated by the quadratic 
nature of the production function.
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A1 *A comparison to the mean, which is (____ ) , avoids
A
a problem inherent with Eckstein's specification, since 
rice acreage is significantly less than soybean acreage. A 
third advantage is that lagged rice acreage Ait-lf '*'s 
explicitly included. Therefore, with f hypothesized to be 
positive, if the ratio of rice to total acreage in the 
prior year were greater than the average ratio, then the 
average productivity of rice acreage would decline. 
Conversely, if the ratio of rice to total acreage in year 
t-1 were less than average, then average productivity would 
increase. A disadvantage of the model is that the
A1 *(____) term may disguise,a long-term trend.
A
A1 *The (____) term provides a good base for comparison
A
A11-1of the _________  term. Furthermore, it is computationally
At-1
simpler than other specifications, yet it captures the 
consequences of both past rice planting decisions and total 
land availability.
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SRecif i<?afclQn
The following is an attempt to model the farmer's land 
allocation problem, while recognizing the technological
constraint due to land deterioration. The farmer's
objective is to maximize the present value of the income 
stream, with the rice price expressed as the numeraire. 
The definitions of the variables are listed on the
following page.
W P
G = E lim £  Bt (Y.. + 2t Y9.) (3-1)O N I t  _ 21
*lt
where EQ represents the current expected value.
The objective function is subject to three technical 
constraints. The constraints are the land constraint,
= A^, (3—2)
DEFINITIONS
A^t rice acreage harvested at time t
A2t soybean acreage harvested at time t
A. total tillable land at time tr where total is
defined as soybean acreage plus rice acreage
AltZ = E ( ) . A. ,
AAt
B = discount factor where o < B < l
c^f e, f' positive parameters of the production function
c, parameter of the production function which may be
positive or negative
A
farmers' information set at time t
lag operator, such that L* Xfc =
rice price received by farmers at time t
soybean price at time t
shock to production of rice at time t
shock to production of soybeans at time t
production of rice at time t
production of soybeans at time t
objective function
t-x
It
2t
klt
2t
It
2t
the production function for rice.
YIt
(3-3)
1 *where (___) = E (
A
AIt
At
and the production function for soybeans
Y2t “ (c2 + X2t* A2t (3-4)
Equation (3-3). is a quadratic production function 
exemplifying diminishing marginal productivity through the
e ^
- _ A,. term. The notion of the normal ratio of rice
2
to total land is included in the production function 
through the (__L_)* term. The term f' f( 1 )* - lt~11
represents the deterioration of productivity due to 
successive cultivation of rice, where deterioration is 
caused by the accumulation of calcium and weeds and the
expression implies an inverse relationship between land 
productivity and the ratio of rice acreage to total acreage 
in the previous period. If the ratio of rice to total land 
during year t-1 were below its average, then the
A A
parameter f' is hypothesized to be positive. The
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deterioration term is hypothesized to increase average 
productivity in year t. Conversely, if there were a larger 
than normal ratio of rice acreage to total acreage in year
A1 * Alt—1t-1, then the expression (____ ) would be less than  ,
A Afc_1
and since f' is hypothesized to be positive, the 
deterioration (or technological process) term is 
hypothesized to decxease average productivity in year t. 
Additionally, if more land were tillable in the previous 
year, i.e. if were to increase, then farmers would
have more flexibility in the current year and would be in a 
better position to avoid deterioration of the average 
product. Hence, the dynamic element is introduced through 
the production function; while an f ’> 0 results in crop 
rotation. Finally, is a linear shock to
productivity, which is uncontrollable and random.
To simplify the form of the expression in equation 
(3-3), the following substitutions are made:
Ai * ft
let Z = (____ ) and let f - ________ . The objective
A A ^ j
function, G,is maximized by substituting (3-3) and (3-4) 
into (3-1), which yields
N
G  ■  E »  L B t  ( ( c i +  x i t >  R i t  -  - s -  A i t +  £ < z  -  A i t - i >  A i t
?2t
2
(°2 + X2t* A2t**
Plt
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By defining as  (Cj + x2t^ and substituting A2t
Plt
as defined in equation (3-2), G becomes
G = Eo I Bt((oi + xit>Ait - 4 -  Ai t + ftz - Ait-i>Ait
- wtAit + wtAt}# (3_5)
In conclusion/ the dynamic profit maximization problem 
was derived from a quadratic production function subject to 
linear constraints. As shown in the next section, upon 
manipulation, this particular type of optimization problem 
yields a linear difference equation, which is convenient 
for analysis. The difference equation subject to the 
fulfillment of additional necessary conditions for 
optimality is solved backward for stable roots and solved 
forward for unstable roots. The result of this analysis 
will be a decision rule for optimal land allocation. The 
next section is a summary of the development of these 
components into an optimal decision rule of agricultural 
supply response.
Solving the Profit Maximization Problem 
L, Deriving_an Analytically Convenient Factorization
of the-Qbjective_E.uns.tiQn 
The objective function G of equation (3-5) is maximized 
by considering the finite horizon problem (3-5) by choice 
of A^q, A^2t • • • •  Optimization is subject to a
given level of A^fc_^ and a given law of motion for the 
stochastic processes X^t and Wfc, described by:
Xlt = alXlt-l + a2Xlt-2 + a3Xlt-3 + ••• + aqXlt-q + Ut
and (3-6)
,w
Wt = Hlwlt-1 + M2W t-2 + M3Wt-3 + • "  + V t - t  + Ut
or
a(L)X^t = u£', where a(L) = 1 - a^L - a2L2 - ... - agL^
and
M(L)Wt = U*, where M(L) = 1 - M-^ L - M2L2 - ... - MrLr.
Furthermore » o and E [ ]  = o, where the
information set txit-l' xlt-2' Xlt-3' *#* Wt-1'
Wt-2'* *
To discover the appropriate solution to this problem, 
maximize equation (3-5) by differentiating for t » o, ...,
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N-l with respect to Al f  Since
^B t(c, + X,.) .
___________ _ ____Alt = B^tCj + Xlfc)
#Ait
?Bfc( 2Alfc) = -BteA1 
*Alt
<?Bfcf(Z - Alt-1)Alt ,
— ■-  ■ -  = B f(Z “ Alt-1> - B fAlt+l
*Alt
^ B t ( ~ W A ) t
 = - B W t
* Ait
^Bt(WtAt)
--------------- = O,
* Alt
the N-l Euler equations are:
+ xlt + n  - wt - e*lt - f A ^ )
It
- Bt+1fAlt+1 « 0. (3-7)
for t * o, ...» N. By differentiating with respect to
AlNr t*ie Euler equation, which in the terminal condi­
tion is
±2--- - BN (c + xx - W - eAlN + £<Z - A j ^ )  = o. (3-8)
IN
(3-8) is identical to (3-7) except the Alt+1 term drops 
out because A^N represents the terminal period.
Since (3-7) includes A^ during three time periods,
A^t_^, and Alt+1; equation (3-7) is a system of
second-order linear difference equations. To solve a
second-order difference equation, two boundary conditions 
are necessary. In the system above, one condition is given 
by the value of An-_^ and the other is given by the 
transversality condition, which is the terminal condition 
expressed in equation (3-8). Therefore the transversality 
condition is a necessary condition for optimality.
In the infinite horizon problem, the equation (3-8), 
lim B (cx + X1N + f(z - A1n-1) Wn eA1N = o,
is the transversality condition. Sufficient conditions for 
the transversality condition to hold are
i) {Wt}^L0 , be of exponential order < 1
B
ii) the solution for A., be of exponential order < 1
B
The sequences are defined to be of exponential order < 1
B
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when for all t that for same H>o, lx^tl<H(r)t, |wtKH(r)t
and I A, .1 < H(r) fc, where l £ r  < 1 .
B
To demonstrate that i) and ii) are sufficient 
conditions for the tranversality condition to hold, 
consider equation (3-8). Since Ia I+Ib I — Ia + b I , then
IbN(c1 + X1N + £Z - WN - eRlN - £R1N-1>I-
B1* ^  + BN Ix i n I+ BNfZ + BNlwN l+ BNe|AlNl + BNf |ain-1I ,
and by substituting from the definitions above —
B1^  + BNH(r)N + BNfZ + BNH(r)N + BNeH(r)N + BNfH(r)N“1,
by combining terms raised to a common power
= B1^  + H(Br)N + BNfZ + H(Br)N + He(Br)N + BHf(Br)N-1.
In the exponential order definition above, it was
stipulated that 1 - r ^ 1/B. Since r<l/B, then Br< l  and
lim (Br)N ® o. Therefore the limit, as N approaches 
N->°°
infinity, of each term in the last expression is zero.
This proves that when an(^  x^it^ are °^
exponential order <  1/B, the transversality condition, is
satisfied. Hence, equation (3-8), the transversality
condition is met when lim G = a constant, i.e. G = o.
N->oo
^ A1N
Subject to the transversality condition and the known . 
initial value of Ait-lf t*ie necessary conditions for
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optimality in the infinite horizon problem are then
satisfied by finding a solution to (3-7). After applying a
lag operator, subtracting exogenous variables from both 
sides, and dividing both sides by -B^fj (3-7) can be 
written as
B (1 + _f_ L + _!_L2)Alt+1 = f*‘1 (c1 + Xlfc + fZ - Wfc) . (3-9) 
Bf B
To find a solution for the above equation, a quadratic
A 1 2
, factorization is sought such that 1 + ____ L +   L =
Bf B
(1 - h^L)(1 - h2L), where the coefficients h^ and
h2 are substituted for convenience. Expanding the above
equation by multiplication results in = 1 - (h^ + h2)L 
+ h^h2L . By equating powers of L in the above equation,
G 1h^ and h2 become defined as - (hj + h2) = ____ and h^h2 =______.
Bf B
By multiplying both sides of the former equation by -B and
substituting the latter equation, which can be expressed as
h, = * . into the former equation, it can be seen that
z Bhx
- _1_ = B(hx + h2) - Bhj + hj. (3-10)
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B. A Graphic Analysis of Parameter Restrictions
The following is a discussion of the restrictions to be 
placed on the values of the e/f term. The relationship 
between I- e/f | and |h| is graphed below.
By considering equation (3-10) and letting F = hB + h-1
-e/f, then 3?
3  h
1
h:
= B - Z   = o is the first order condition
.2
-2,
and h = 1 . The second order condition is that ~ ** ^
iff 3 h
  > o. Therefore I-
w3
_f_ J attains a minimum at 2 V W f 
f
where Ihl = 1/ \TbT If e/f were to equal 2 1T§7 then by substi­
tution into (3-10) -2 Iff** J L  + Bhx and - 2 |ff hx » 1 +
hl
x
Bh1#
Therefore o ■ h^ + 2 hj + 1 ■ (1^ + 1 )2 and hj^  »
B rr*
To have a real solution, conditions will be placed on the
parameters such that e > 2  Kb , which are similar to con-
f
cavity conditions imposed in solving a maximization problem. 
The assumption that e > 2 T b ~implies that |h^j< 1
f  I f i T
-  ^  by letting h. be the smaller root in absolute terms.
iBhJ 1
However for stability purposes, the values of e need to
f
be restricted further. Since o < B < l ,  when |h| = 1, then
I hB +h”M  => B + 1 > 2 ITbT Furthermore |- _f_ I = iBh + h”*l>
f
1 + B, when jh|<l. Therefore e is not only restricted to
f
be greather than 2 iB~, but it also must exceed 1 + B for
purposes of stability; i.e. the restriction that e >1 + B
f
ensures that the smaller root hj will also be less than 
one and therefore- h^ will be a stable root. The condi­
tion that h^ is a stable root ensures that o < A lt^At' 
thereby avoiding corner solutions. Since e, f and B are
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all hypothesized to be positive and because - e = Bh
f
+ h”*, then the sign of the roots, h^ and h2, will be 
negative and t h^l< 1 <  <. I h2 ! = 1
V T  iBhJ
C. Final Steps in the Derivation of the Pecigion_Rule
Having achieved the factorization, equation (3-9) can 
be written as B(1 - h2L)(1 - hiL)Ait+i = +
Xlt + fZ - Wfc). To satisfy the transversality
condition, solve the equation forward. By dividing both 
sides by B(1 - h2L), (1 - h1L)Alfc+1 = (fB)’1 (l -
h2L)“1 (c1 + Xlfc + fZ - Wfc). Based upon the
o -1
expansion by Sargent , an expansion of (1 -
where |h21 > 1 is (1 - hjL)"1 (1 h^L"1)"1
(-h^lT1) (1 + h2L-1 + h2L~2 + h2L~3 +
...) (-hjlT1) = -h2 jf0 (h2)"jL"j"1.
Therefore, by substitution (1 - hiL)Alt+1 ® (fB)”1
(“h’o) 3  (h,)"^”15-1 (c. + X,,. + FZ - W.),
oo
2' j=o '"2-# " 'W1 T "It T c“ " "tJ
By applying the negative lag operator and since h.h9 => _L
X Z B
h 00
(1 - h j D A j ^  * - (Bhj)^ (cx + Xlt+^+1
g
Sargent, op. cit., p. 173
+ fZ - wt+j+i^* adding ^iLAit+l to sides,
and normalizing Ait+i to the present by moving backward 
one time period
As described earlier, hj = l^fe, f, B) and -1<
assumptions that Wfc and X^t are of exponential order 
< 1/B and e/f > 1  + B. Equation (3-11) is the optimal
case, since it satisfies both the Euler equations and the 
transversality conditions implied by the dynamic problem 
given by equation (3-5). Therefore, the land allocation 
for rice, A^t» is a function of once lagged land allo­
cation to rice and current and all future values of the 
exogenous variables weighted by the production function 
parameters. The optimal land allocation for soybeans is 
given by A2fc = Afc - Alfc.
Hi The Decision Rule in the Uncertainty Case
When uncertainty is included in the model, the 
expression composed of exogenous variables, which is (c^
Ait ° h
(3-11)
h^ < o if f > o. Equation (3-11) relies upon the
decision rule for land allocation to rice in the certainty
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+ xit+j + fZ - becomes Et^ci + xit+j +
- Wt+j). By altering equation (3-11) to account for
uncertainty, the unique solution becomes
oO
Alt " hlAlt-l “ hlf 1 j?o h^iB)  ^ (°x + Et(xlt+j)
+ fZ - (3-12) Since c^ and Z are non-stochastic
. h,
and because .p- (Bh,)-1 =_________  then equation (3-12)
3 X (1-B^)
can be expressed as
Alt = hlAlt-l " Ucj + f Z H h ^ l  - Bhj)”1)
o O
+ j?o (Bhl)j lEt (5tlt+j - Et(Wt+j)l). (3-13)
Since W|. and X^t were assumed to be of exponential
order <  1/B, moving average representations of these
stochastic processes exist and are expressed by multiplying
the X^t equation in (3-6) by a(L)-* and the Wfc
equation in (3-6) by M ( L ) A t  this juncture the issue
becomes the prediction of X^t and Wt» By following
Sargent's procedure of applying the Wiener-Kolmogorov
prediction formula, the optimal prediction for Wfc is
r- / r
Et lWt+j] » M(Bh1)’1 {l + j?1 tk^ +i(Bh1)k"jMk ]Lj}Wt. £3-14) 
Analogously, the optimal prediction formula for X^t is
Et 1Xlt+j' ■ + ifllk=j+l<Bhl)k‘3aklL3,Xl f  <3-15)
By substituting (3-14), (3-15), and (3-13) into (3-12)s
Alt = hlAlt-l " hilf d  - Bh1)j"1c1 - h*(l - B h ^ ^ Z  -
r-l r
h1f‘‘1 (M(Bh1)"1{l + Ik^ +1 (Bh1)k“jMk]Lj}Wfc +
atBhj)”1 {1 + j?! [k=j+1 (Bh1)k"jak]Lj}XltJ. (3-16)
Equation (3-16) is the closed form expression for the 
decision rule for Ait* expresses, through the
appearance of a and M, the restrictions imposed across the
decision rule and the parameters of the stochastic
processes. All the variables that are in the information 
set I and that help to predict W^ . and are in the
decision rule. Thus the distinguishing feature of the
rational expectations hypothesis is illustrated by the
decision rule, which is equation (3-16), and the stochastic 
processes, which are the equations in (3-6).
Example
An example in simpler terms follows. Suppose that Wfc 
and Xjfc can be represented by the following autoregres-
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sive processes:
Wfc - Mc + H1Wt.1 + M2Wt_2 + U* (3-17)
and
Xlt = aXlt-l + °t where . I * ! * 1 ' (3-18)
or Xlfc - aXlt_1 = u£'or Xlfc - (1 - aL)"1^'.
Ut |Ut » [ x ] where E(Ut | Ifc) = o.
Ut
E[UfcU^] = Sfc, where Sfc is a positive definite 
matrix. It is assumed that W^ . and X^fc are uncontrol­
lable and unaffected by farmers' decisions. U^ . is the 
least squares disturbance that satisfies = EUtW j
It-1 = o. The preceding condition implies that is 
serially uncorrelated and that Wfc is not Granger caused
A
by In the above expression E is defined as the
linear least squares projection operator of the mathe­
matical expectation operator E.
Since Xlt is unobservable, an error term is 
introduced into the model. Furthermore, Z will be assumed 
constant. Then by substituting (3-17) and (3-18) into 
(3-16):
Alt ■ hlAlt-l + blWt-l + b2Wt-2 + (1 - aL)"lut'
+ v (3-19)
(1 - aL)
where
V - [-h*tf(l - Bhj)]"1^  - h^(l - B ^ J ^ Z K l  - aL), (3-20) 
bl " - MjhjB - Mjh^B2)”1 (Mj + MjBhj) (3-21)
and
b2 “ hlf_1 (1 “ MihiB " M2hjB2)_1M2. (3-22)
By multiplying both sides of (3-19) by (1 - aL) and 
subtracting biAit-l £rom both sides, (1 - aL)(1
hlL)Alt = V + (1 " aL)blW t-l + 11 “ aL)b2Wt-2 +
u£'. After multiplying, (1 - aL - h^L + ah^L2)A^fc
V + biwt-i ~ ablwt-2 + b2Wt-2 ” ab2Wt-3 + 
Ut'. By applying the lag operator, subtracting lagged
A^t terms, and combining terms:
Alt = v + (a + hi)Ait-l ~ ahlAlt-2 + blWt-l +
(b2 - abj)Wfc_2 - ab2Wt_3 + D*v (3-23)
or by defining new parameters:
where:
The following is a formulation of the system of equations 
in the model, which is a combination of equations (3-17) 
and (3-23).
The following reiterates the role played by the
rational expectations assumption in terms of the above two
values of the stochastic processes, which affect farm
and as uncontrollable when maximizing profits.
The preceeding embodies the concept that farmers' decision 
rules depend upon their objective as well as their 
perceived constraints.
The following illustrates how the previously mentioned 
concept is explicitly included in the model. The
parameters in the decision rule for A^fc, equation (3-23),
A a+h1 -ah1
W o o
o
o -ab
o
(3-25)
variable example. Farmers consider present and future
prices. Furthermore, farmers treat the laws of motion of
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are (V, ar h^, b^, and b2) , w^ere
bl = bi<hi' f' Mi» B ' M2} from (3“21)
b2 = b2 (hlf f, Mlf M2, B) from (3-22)
V = V(h^, f, B , c^, a, Z) from (3-20).
The free parameters of the model are (c^, e, f, B, 
M^r M2, a). (B, er f, c^) enter the model through
the production function technology, whereas (M^, M2 , a) 
appear as parameters associated with the laws of motion of 
the random processes. Therefore the parameters in the
decision rule for are functions both of the
parameters in the objective function of profit maximization 
and of the parameters in the perceived law of motion for 
the stochastic processes.
The parameters h^, V, b^ and b2 are complicated 
non-linear functions of the underlying free parameters of 
the model. The non-linearity arises from two sources.
First, h^ is a non-linear function of B, e, and f by 
definition. Second, V, b^, and b2 are non-linear in
the parameters , M2 and a as well as h^, c^, B
and f. These non-linear cross equation restrictions on the 
parameters illustrate the distinguishing feature of 
rational expectations models.
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A hypothetical intervention or change in the
environment means there will be a change in M, which
describes the stochastic process for the exogenous 
variable, W. To evaluate the effect of these changes, 
parameters such as the Vs of equation (3-24) should not 
be treated as free parameters of the model, as they
traditionally are. The free parameters, which are listed 
above, need to be estimated to predict the effects of 
hypothetical changes in the environment. The above 
reiterates Lucas's^^ point, which was discussed while
criticizing the traditional analysis of government policy 
intervention.
Robert Lucas Jr., Economic Policy Evaluation: A
Critique," in K. Brunner and A. H. Meltzer (eds.), The
Phillips Curve and Labor Markets. Carnegie-Rochester
Conference Series on Public Policy (Amsterdam: north
Holland, 1976).
EMPIRICAL RESULTS OF THE AGRICULTURAL SUPPLY 
RESPONSE MODEL FOR RICE AND SOYBEANS IN 
THE MISSISSIPPI DELTA
The purpose of this chapter is to empirically evaluate 
the relationship among land productivity, land use and 
product prices as formulated in equation 3-25. The 
underlying free parameters will be estimated. The 
significance and signs of the soil depletion parameter f 
and the constructed parameter h^ are of primary concern. 
The short-run and long-run price elasticities of rice 
supply as well as the depletion effect will be analyzed 
with the estimates of f and h^.
Data on harvested acreage and production of rice and 
soybeans by state were obtained from the United States 
Department of Agriculture's publication of Agricultural 
Statistics for the various years since 1934. Soybean and 
rice prices were obtained from both Agricultural Statistics 
and, in later years, another USDA publication, Agricultural 
Prices. The harvested acreage during a year refers to the 
acres harvested in the fall of the year. The price for a 
year refers to the average price received by farmers for 
the crop which was harvested during that year. Data from 
these sources have been widely used in economic studies.
Two methods were used to estimate the parameters. The 
first method involved the simultaneous estimation of the
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acreage and price equations. Seemingly unrelated
regression was used to accomplish this. It accounts for 
the contemporaneous correlation in the error terms across 
the production and price equations as well as estimating 
the and parameters, which appear in both
equations, simultaneously.
Since the production equation is non-linear in the 
parameters, the Gauss-Newton Method was used to estimate 
the system. The Gauss-Newton algorithm employs least 
squares while regressing a transformed dependent variable 
on first derivatives of the explanatory variables with 
respect to the coefficients.
The second method used to estimate the underlying free 
parameters of the system was an instrumental variables 
technique. Its advantage is that it replaces the lagged 
dependent variables with instrumental variables yielding 
consistent parameter estimates, regardless of the error 
process associated with the time series of rice acreage. 
The creation of the instrumental variables will be 
discussed later.
Estimation of the Two-Equation System 
The following is a discussion of the first method. It 
involves the use of seemingly unrelated regression as well 
as the Gauss-Newton non-linear technique to estimate the 
coefficients in equations 3-25.
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The initial problem is to determine the order of the 
lag relating acreage and prices. A vector autoregressive 
process was used to relate the vector of variables (A^fc 
Wfc)' to lagged values of itself. The VAR was used to
observe any possible correlation between land allocations 
and prices. The degree of the lag (p) as well as the 
parameters q^f r^f s^ and t^ were estimated in
accordance with
Alt v ql rl Ait-i q2 r2
t At ] = I ] + I 1 1 ] { lt: 1) + I 2 2 )
Wt a S1 fcl Wt-1 s2 fc2
[Alt"2] + ... + [ ^  ^  ] [Alt-P] + [Ultj (4_1}
Wt-2 sp fcp Wt-p U2t
or more compactly
Yt = n + +  “°"2Yt-2 + • • • + -®pYt-p + ut
q i riwhere Yfc = (Alt Wfc)«, n = (V a)•, ^  = I 1 ],
si t L
and Ufc = (ulfc U2t)'.
The vector U^ . has E[U^] = 0 and a covariance matrix of
= E(UtUt'l for all t. Also Ufc and Ug are
uncorrelated for t not equal to s.
Stationarity of the VAR process is a necessary condi­
tion to obtain consistent parameter estimates of-©-£. A 
VAR (p) is stationary if all the roots of the polynomial
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2
defined by the determinant det(I - -e-^ Z - " •••
- l*-e outside the unit circle. If Yfc is a
stationary process, then estimation of each equation by 
least squares, so that ^  = [I®(X’X)”*X']Y, yields a
consistent and asymptotically efficient estimate of-©-.
The order of the VAR was chosen by minimizing the 
Akaike Information Criterion, which is given by AIC(n) = In 
det( jL n) + 2MZn/T, where n is the order of the 
autoregressive process, T is the number of observations and 
M is the number of time series under investigation. The 
criterion was minimized by a second order autoregressive 
process. The resulting parameter estimates were
A.. 1.110 -17.283 A.. . -.421 47.380
I 1 = 1  ] [ lt~1} + I ]
Wfc .005 .364 W t-1 -.003 .252
[Alt"2 ] + [ °lfc]. (4-2)
Wt-2 U2t
To satisfy the stationarity condition mentioned above, the
roots of the det(I --e^z - Z2) =
1 0 1.110 -17.283 -.421 47.390 0
det([ ] - [ ]Z - [ JZZ) =
0 1 .005 .364 -.003 .252
1 - 1.474Z + .659Z^ - ,722Z^ + ,036Z^ must lie outside the
unit circle. The Gauss algorithm was used to solve for the
roots of the equation above. The quartic roots were 19.21,
.06 £ 1.41, and .73. Since the root .73 is less than one,
the stationarity condition is not met. Consequently,
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estimation of -e- ^  is inconsistent.
VAR was implemented to examine a reasonable length for
the lag of the price process as specified in equation
3-14. Subject to the qualifications arising from the
instability discussed above, the results of equation 4-2
would have indicated that the price process is not of an
order higher than two. This result is supported by the
ARIMA results, which are discussed later in this chapter.
Therefore, the general specification of the price process
resulting from the Wiener-Kolmogorov prediction formula
appearing in equation 3-14 is restricted to be a
second-order autoregressive process while estimating the
equations formulated in 3-25.
The problem at hand is to estimate the underlying, free
parameters of 3-25:
A.. V a+h. b. A.. . -ah, b,-ab.
[ ] = [ ] + [  1 1 ] [ lt"1] + [ 1 2 1
W t M0 0 Ml Wt-1 0 H2
l.o 0 “cib^  An 1 , ^ 0  Ui.*
[ xz * I + [ d] [ i t j ] + [  N r a s  opposed to
w t-2 0 0 wt-3 Ut
the reduced form represented by the VAR process of 4-2. 
Since two of the parameters, and Mjr appear in both
equations, all of the parameters were estimated 
simultaneously. The SUR technique as opposed to a two- or 
three- stage least squares technique was used because
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neither of the endogenous variables (excluding lags) 
appears as an explanatory variable.
The Gauss-Newton estimator is
Bn+1 “ l*<Bn)'S<Bn)J-1*(Bn)-5(Bn)
where n is the nth iteration,
B = (a, V, f, h^, M^, M2) ' is the vector of
parameters appearing in the acreage equation, Z(Bn) is a 
47x6 matrix of first derivatives where 
z(Bn) “ 3 £ U l f B ) / a a ......... a t  U l f B ) / 2 M 2
( 1 1
af(xA'7,B)/pa.........«?f(x47,B)A?M2
Xfc is a 6 x 1 vector of exogenous variables including the 
intercept term, and where Y(B ) is a 47 x 1 vector equal 
to Y - f(X, B) + Z(B)B. r  2 [Z (B) 'Z(B)]"1 and <r2
= [Y - f(X, B)]'[Y - f(X, B)1/47-6. Since seemingly 
unrelated regression was used, the contemporaneous 
correlation between the acreage equation residuals and 
price equation residuals was incorporated in the estimates 
of B. Estimation yielded the following:
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Table 4.1
Parameter Estimates Resulting from
Seemingly Unrelated Regression
V = 41.97 f = -.011
(84.7) (.005)
a = .036 H. = .70
(.20) 1 (.21)
h, = .89 = -.43
L (.08) * (.15)
=7.68 B = .95
° (1.19)
Standard errors are in parentheses
The sum of squared errors was 1,196,913 for the acreage
2
equation and 467 for the price equation. The r
statistic for the production equation was .85, while the 
2
r for the price equation was .22. The discount factor B 
was imposed apriori.’1'
The parameters of primary concern in this study are 
h^ and f. f is the parameter associated with
productivity deterioration. In conforming with Sargent's 
methodology, h^ was created for analytical convenience in 
Chapter 3. h^ was defined by equation 3-10, where -e/'f =
This follows the methodology of Thomas Sargent, 
"Estimation of Dynamic Labor Demand Schedules under 
Rational Expectations," Journal of Political Economy. 1978, 
vol. 86, no. 6, p. 481; as well as the methodology of Zvi 
Eckstein, "A Rational Expectations Model of Agricultural 
Supply," Journal of Political Economy. 1984, vol. 92, no.
1, p. 15.
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Bhj, + 1/h^ . The relationship between h^ and f was
established in part B of Chapter 3, in that h1 was 
hypothesized to be negative, f positive, and both would 
have an absolute value less than 1. Table 4.1 shows that 
both h^ and f are opposite to their hypothesized signs. 
However, their signs are opposite to each other, which is 
as hypothesized.
The robustness of these parameter estimates was tested 
by examining the sum of squared errors of the equations as 
well as the standard errors of the parameters while 
restricting h^ and f at various values. The following 
tables represent the results of this search. The data in 
tables 4.2 and 4.3 provide further evidence which refutes 
the hypotheses developed in Chapter 3. The sum of squared 
errors increase by at least a multiple of 30, when h^ and 
f are restricted to their hypothesized signs. Furthermore, 
when h^ and f are restricted, their estimates become 
insignificant.
Table 4.2 restricts the values of V, a, Mq, M^, and 
M2 to the estimates resulting from the initial SUR. 
Table 4.3 restricts the values of V, a and M to the 
estimates resulting from the initial SUR and restricts the 
values of M^ and M2 to the estimates obtained from 
ARIMA estimation of the Wfc process.
Table 4.2
Search Involving the h  ^ and f Parameters, 
While Restricting V f a, MQf and to Their 
SUR Estimates as Listed in Table 4.1 
hj f SSE
(in millions)
-.5 .05 141.8
(.12) (.05)
-.1 .05 73.5
(.01) (.01)
.1 .05 48.1
(.01) (.01)
.9 .05 2.6
(7.8) (.7)
-.5 -.1 133.5
(.11) (.03)
-.1 -.1 72.5
(.01) (.01)
.9 -.1 1.9
(9.9) (.4)
.9 .1 2.3
(8.7) (.4)
.9 -.2 2.0
(9.7) (.2)
.9 -.3 2.0
(9.6) (.1)
statistics are in parentheses,
Table 4.3
Search Involving the h^ and f Parameters, While 
Restricting V, a and Mq to their SUR Estimates as 
Listed in Table 4.1 and while Restricting and M2 
to Their ARIMA Estimates Associated With the Wfc Process
SSE
(in millions)
75.3
1,010.0
2,290
.9 .05 25.9
(3.9) (.5)
-.5 -.1 131.3
(.2) (.2)
-.1 -.1 71.8
(.02) (.01)
.1 -.1 49.6
(.01) (.01)
.9 -.1 12.9
(5.2) (.9)
1.1 -.1 360.1
(1.6) (.05)
- statistics are in parentheses
-.5 .05
(.2) (.1)
-.1 .05
(.02) (.02)
.1 .05
(.01) (.01)
SSE
in millions) 
146.4
74.7
46.7
1.3 -.1
(3.9) (.4)
1.2 -.05
(1.1) (.06)
1.2 -.01 
(.3) (.02)
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Estimation of the Single Production Equation 
An alternative way to obtain consistent parameter 
estimates and the second method used in this study is an 
instrumental variables technique. The acreage equation 
alone was estimated by the Gauss-Newton technique. It was 
assumed that the ARIMA specification of Wfc captured the 
true stochastic process of prices. The parameters 
appearing in both equations, and M2, were then
restricted while estimating the other four coefficients of 
the acreage equation. When there were no restrictions 
placed on and M2, the estimates of h^ and f were
both insignificant.
To determine the autoregressive process of w^, it was 
first examined for stationarity. The autocorrelation 
function for a stationary series will approach zero as the 
number of lags increases. The autocorrelations for Wfc 
and the first differenced series of Wfc, which is defined 
as Wfcf are listed below.
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Table 4<>4
Autocorrelation of the W fc Series and the 
First Difference of Wfc
Lag a  W fc
1 .71 -.42
2 .64 .15
3 .53 -.20
4 .56 .08
5 .48 -.13
6 .45 .11
7 .40 -.07
8 .31 .16
9 .23 -.13
10 .22 .05
11 .22 .01
12 .19 .07
The autocorrelation function of the wfc series exhibits 
stationary properties, since its highest value occurs at 
the first lag and it approaches zero. Although the first 
differenced series begins with a lower value of 
autocorrelation at the first lag, it converges to zero more 
slowly. Since the original series exhibits stationarity 
and because the differenced series offers no improvement, 
the original series was analyzed.
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Next, by using OLS, W^ . was regressed on lagged
values of itself to determine the order of its
autoregressive process. The following statistics resulted
from the test of a first order autoregressive process,
where t - statistics are in parentheses.
W. = 2.541 + .77 W. .
(2.28) (7.55) c_±
The coefficient associated with the single lagged series is
significant. The Durbin h-statistic equalled -2.25.
Therefore the null hypothesis of no serial correlation was
rejected at the 3% level. Consequently, a second-order
process was estimated.
W. = 1.381 + .53 W. , + .36 W. ,
(1.21) (3.80) C"J- (2.49)
Coefficients for both the first and second degree lags are 
significant. A third degree lag was also estimated.
Wfc = 1.38 + .50*7^ + »39Wt_2 + .00Wfc_3 
(1.15) (3.31) (2.38) (.03)
Since the coefficient of the third degree lag is 
insignificant, a second degree autoregressive process was 
assumed. The second degree autoregressive process is 
consistent with the example developed in the mathematical 
model chapter of this thesis.
Since follows a second-order autoregressive
process, the decision rule to be estimated is precisely the 
example decision rule specified in the previous chapter.
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The lagged dependent variables appearing on the right hand 
side of the equation were replaced by instrumental 
variables due to the correlation between the lagged values 
of rice acreage and the error terms. However, the use of 
instrumental variables introduces further problems. One is 
that the instruments may also be correlated with the error 
term. Since the true disturbance is unobservable, this 
problem is exacerbated because it is impossible to be 
certain whether the instruments are uncorrelated with the
disturbances. A second problem is that the instruments may 
be uncorrelated with the variables they are replacing. If 
the instruments and variables to be replaced are not highly 
correlated, the sampling variances associated with the 
instruments could become very large.
To create instrumental variables, Ait-l and Alt-2 
were regressed on lagged values of the other independent 
variables in accordance with the following process, A.. .i *-2 1Z-1
= j=i^idjwt-j* The resulting parameter estimates of 
dj were then multiplied by the actual corresponding 
values of to calculate the estimated values of
Alt-1 and A11-2 *
Finally, after incorporating the instrumental
variables, the non-linear Gauss-Newton technique described 
earlier was used because the decision rule is non-linear in 
the parameters. The parameter estimates varied in
accordance with the initial settings of the parameters used
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in the Gauss-Newton algorithm. The initial settings of 
h^ and f varied between -1 and 2. Subject to the 
previously mentioned criticisms associated with 
instrumental variable estimators, the resulting parameter 
estimates along with their estimated standard errors and 
the sum of squared errors for the acreage equation are 
reported in Table 4.5. Since V was insignificant, it was 
dropped from some estimations of the equation. The 
parameter estimates which minimized the sum of squared 
errors, i.e. those listed in the first row of Table 4.5, 
were chosen as the final estimates.
Table 4.5
Results of the Single Equation Estimation
hj f a V SSE
(million)
-.075 .0013 1.039 -52 .97
(.027) (.0002) (.135) (81)
-.033 .00069 1.034 -52 .99
(.014) (.00011) (.141) (82)
-.017 .00034 1.000 1.01
(.007) (.00005) (.141)
.007 -.00015 .99 10 1.04
(.003) (.00002) (.149) (84)
-.014 .00029 1.015 -51 1.05
(.006) (.00005) (.148) (85)
.006 -.00014 .98 1.10
(.003) (.00002) (.15)
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Based on the asymptotic standard errors, which are 
subject to the criticisms cited above, the coefficients 
h^ and f are both significant at the 1% level, h-^ and 
f are of the hypothesized sign; therefore, they are 
opposite in sign as hypothesized. Since f was hypothesized 
to be positive due to the land productivity deterioration 
effect and because f was indeed estimated to be positive, 
the single equation estimation supports the existence of 
the depletion effect in land productivity.
The estimates of h^ and f obtained from single 
equation estimation of the acreage equation were
significantly different from their estimates obtained from 
estimating the acreage and price equations simultaneously. 
By using the standard errors and degrees of freedom of the 
single equation, the following t-statistics were 
calculated; t = -35.74 for the null hypothesis that h^ of
the single equation equalled h^ of the two-equation
system. The comparable t- statistic for f was 61.5. When
the standard errors and degrees of freedom from the two- 
equation system were used in the calculations, the t- 
statistics were 12.1 and 2.5 for h^ and f, respectively.
Discussion_of Elasticities and Some Implications
The parameters can now be used to calculate the 
relative price elasticity of rice supply. To calculate
elasticities, consider the decision rule developed in the
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previous chapters Alfc = hlAlt-l “ (hj/f)
(j|0 (hiB)j(ci + xit+j + fZ - Wt+j)). Therefore
the d A l t /  a w t = -(hj/f) (jfothjB) j(-l)), where
in the short-run j=o. Therefore 3Alt^ 3wt =
In the long-run, the decision rule becomes A^ = 
-(h^fd-hj)) (jf 0(h1B)j(c1 + Xlt+j + fZ
Wt+j)} “ “ (hj/fd - hj) (1 - hjBJHCj + xlt + fZ
- Wfc), where Aj is the mean of Al f
*wt = V (f(1 " hi,(1 “ hiB>>-
BY applying the above partial derivatives, the
short-run price elasticity of rice supply is given by 
(h^/f) (W/Aj), where W is the mean of Wfc. The short- 
run elasticity is -.55 based upon the single equation 
results and -.78 based upon the two-equation model. To 
examine the meaning of the elasticity of rice supply with 
respect to a change in relative prices, it should be noted 
that the soybean price appears in the numerator of wfc, 
while the rice price appears in the denominator of W^.
Consequently, the elasticity can be interpreted as implying 
that if soybean prices would increase by ten percent, or if 
rice prices would decrease by ten percent, ceteris paribus, 
then rice production would decrease by 5.5 percent or 7.8
percent depending upon the model.
The long-run elasticity is given by [h^/f(1-h^B)(1
- hjJHw/Aj) “ -.48 in the single equation case and
-4.57 in the two-equation case. In the single equation
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caser the fact that the long-run elasticity is less than 
(in absolute terms) the short-run elasticity is counter to
the implication of traditional supply response models. The
land allocation model developed in this thesis,
theoretically allows for the long-run elasticity to be
either greater than or less than the short-run elasticity. 
The two-equation case supports traditional theoryf since 
the absolute value of the long-run elasticity is greater
than the absolute value of the short-run elasticity.
To analyze the impact of a prior year's land allocation
for rice on the current year's productivity of rice
acreage, the production function in equation 3-3 was
examined. Yit/Alt change by an amount equal to
f'(- a Ait_i/At_i)' where f' = fAt-1. Therefore,
the ^ Yit/Alt^ = A A lt-l^* By choosin9 1984 as
an example and allowing to increase by 10 percent,
then A Y^lt/Alt^ “ *0013 (-140) = -.2. By dividing the
change in productivity by production per acre in 1983, it
is estimated that 1984 productivity would decrease by .2
cwt/acre or .5 percent if rice acreage would have increased 
by 10 percent in 1983. The above analysis is based upon 
the f estimate resulting from the single equation model. 
The results of the two-equation model are inconsistent with 
the land deterioration hypothesis.
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In conclusion, the two methods of estimation support 
drastically different hypotheses. The parameter estimates 
resulting from the first method refute the land 
deterioration hypothesis, while the estimated elasticities 
support the traditional theory of "adjustment costs." 
Under this scenario, farmers respond to changes in relative 
product prices by changing their land allocations. 
However, in this process, farmers incur adjustment
costs,which have the effect of delaying their response. 
Hence, the long-run price elasticity of supply exceeds the 
short-run elasticity.
The parameter estimates resulting from the second
method support the land deterioration hypothesis, while the 
estimated elasticities refute the traditional theory of 
"adjustment costs." In the land deterioration scenario, 
the phenomenon of declining yields due to continuous
monocropping is a primary constraint faced by farmers.
That is, land deterioration is a significant factor in 
their decision making process. Therefore, it is assumed 
that in each time period, farmers adjust to their rational 
expectations of the product price process. However, they 
are constrained by their prior land allocations. Intuitive 
support for the long-run elasticity being less than the 
short-run elasticity is that in the short-run the effects 
of land productivity deterioration can be offset by
increasing the amounts of other factors of production such
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as fertilizer or pesticides. However, in the long-run it 
becomes increasingly costly to compensate for the
productivity deterioration due to natural processes.
A remaining issue is which of the two sets of 
estimation results is more credible. The second method 
suffers from two primary sources. One, it imposes more 
restrictions than the first method, and secondly, the use 
of instrumental variables leads to inefficient parameter 
estimates.
While estimating the production equation, and M2
were restricted to their estimates derived from an ARIMA 
process of Wfc. Furthermore, any contemporaneous
correlation between the residuals of the production 
equation and the price process was ignored during the 
single equation estimation. Alternatively, the first 
method of estimation recognizes that the farmers' decision 
rules do not exist in a vacuum. That is, if the stochastic 
process of prices changes, then the decision rules also 
change. This was explicitly modeled in Chapter 3 in that 
the and M2 parameters in the price process also
appeared in the production equation.
The second criticism of the second method of estimation 
has been discussed earlier in Chapter 4. With instrumental 
variables, there is a problem with obtaining consistent 
estimates of the error variance. Hence the estimates of 
standard errors associated with the parameter estimates
84
would also be inconsistent. Consequently, the significance 
of the parameter estimates from the second method is 
questionable.
If the first method of estimation provides more 
credible results, then the issue becomes that of specu­
lating why the results refute the hypotheses of Chapter 3. 
One reason why the empirical data do not support the hypo­
theses is that the model may suffer substantially from 
specification error. While the model explicitly includes 
the concept of soil deterioration, it does not incorporate 
the ability of other factors of production to compensate 
for this phenomenon. The effects of soil deterioration can 
be offset to an extent by fertilizer, herbicides and 
pesticides. These other inputs and their prices were not 
included in the empirical model due to a lack of data.
A second source of specification error stems from 
uncertainty with respect to the lag length of the VAR 
process described in equation 4-2. The uncertainty is 
caused by the instability, which was discovered while 
estimating equation 4-2.
A third source of specification problem arises from the 
inability to isolate rice farmers for observation. In this 
study, soybean acreage was summed with rice acreage to 
define total acreage available for rice and soybean 
plantings. Rice farmers rotate their rice acreage with 
soybeans. However, many soybean farmers do not grow rice.
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Therefore, the aggregation of total rice and soybean 
acreage does not truly reflect rice farmers' historical 
land allocation decisions.
Finally, a matter of fundamental concern will be 
addressed. The mathematical model was based upon the 
premise of Granger causality from the relative price, Wfc, 
to rice acreage harvested, A^fc. If the Granger causality 
flows in the opposite direction, then the theoretical model 
developed in Chapter 3 suffers structurally. If Granger 
causality flows in both directions, then the system becomes 
simultaneous and thereby more complicated. intuitive 
support for the existence of Granger causality from to 
A^t arises from the fact that the entire United States 
produces less then five percent of the world's rice. Some 
preliminary tests support the hypothesis of one-way Granger 
causality from prices to acreage, but not vice versa.
CONCLUSION
Previous Efforts at Modeling Agricultural S u p p I v
Econometric agricultural supply response models have 
existed for several decades. Their primary function has 
been to analyze the impact of government intervention in 
agricultural markets. The cobweb model is the basic tool 
employed in analyzing agricultural supply response. Early 
cobweb models specified acreage planted of a crop to be a 
function of the lagged price of a crop.'*' More 
sophisticated cobweb models specified the crop acreage 
harvested in a particular region to be a function of lagged 
acreage planted, lagged crop price, lagged price of a 
substitute crop, and government policy variables. 
Traditionally, the production equation incorporated 
Nerlove's concept of adaptive expectations to describe the 
relationship between price and production.
In the process of specifying the model described above,
it was found that Nerlove himself criticized the approach by
noting that it may be imprecise and misleading to follow the
2
traditional adaptive expectations method. The model may 
be imprecise because of the ad hoc nature of the modeling
^Ezekiel, loc. cit.
^Nerlove, 1979, op. cit.
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process, since it relies upon the assumption that produc­
tion and prices deviate from their long-run equilibrium 
position due to a vague notion of adjustment costs. The 
model could be misleading with respect to government policy 
analysis because as Lucas pointed out, the parameters of 
the decision rule are not underlying, free parameters and 
are therefore subject to change in response to policy 
changes.3
In response to these criticisms, the model developed in 
this thesis follows an alternative approach which avoids 
these problems. The methodology adopts certain concepts 
developed by Muth, Sargent and Eckstein. Muth created the 
notion of rational expectations, whereby agents were 
assumed to react to all information available to them.^ 
For example, future observations of a stochastic process, 
serving as a constraint in a decision rule, could be 
estimated by the series' minimum mean-square-error 
forecast. This rationale alleviated the need for the 
adaptive expectations assumption that some information was 
ignored by agents.
To this notion of rational expectations, Sargent added 
another concept, that of more explicitly modeling the 
nature of the production process rather than relying upon
3Lucas, op. cit.
4
Muth, op. cit.
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5
an assumption of "adjustment costs." Following Sargent's 
methodology, the technical constraint concerning a natural 
phenomenon in the production process is explicitly included 
in the production function of this thesis. Once the pro­
duction function is specified, the optimization rule can be 
derived by following Sargent's sequence of mathematical 
operations. Sargent's methodology was used further to 
derive the decision rule from the profit maximization 
specification, in conjunction with the stochastic process 
of relative prices.
Eckstein's thesis was valuable because it was the first 
study to apply Sargent's methodology to agricultural pro­
duction.^ It provided guidance in some of the technical
aspects of transferring Sargent's methodology from a demand 
for labor model or investment model to an agricultural 
supply response model. The main criticism of the Eckstein 
model was its failure to accurately describe the phenomenon 
of land productivity deterioration.
Indeed the difference between the Eckstein model and 
the model developed in this thesis lies in the specifi­
cation of land deterioration. Eckstein specified the 
deterioration effect to be such that the model was inca­
pable in certain instances of distinguishing between
5
Sargent, 1979, op. cit. 
^Eckstein, 1981, op. cit.
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7
radically different land usage during the prior year. 
This drawback regarding the Eckstein model was discussed in 
detail in Chapter 3 of this study.
The model developed in this thesis attempts to overcome 
this problem by specifying deterioration in the current 
year to be a function of the first lag of the ratio of rice 
acreage to total acreage as well as the mean of rice 
acreage to total acreage for the entire period under study.
Once the specification is made, the model follows that 
of both Sargent and Eckstein by deriving the decision rule, 
which is linear in the variables, from a quadratic produc­
tion function and a linear stochastic process of relative 
prices. The dynamic nature of the optimization problem 
arises due to the productivity deterioration effect which 
models the fact that farmers are constrained by their prior 
allocations of crop land.
h^ and f, which are the two parameters of interest in 
this study, are non-linearly related to other parameters in 
the decision rule. f is an underlying, free parameter of 
the model. For simplification, it was defined as f'/At_^. 
f' was introduced in the production function to capture 
land productivity deterioration through the f'[(A^/A)
- Alt-l/At-l^Alt term. h^ was defined as a non­
linear function of other parameters in the production func-
7
Eckstein, 1984, op. cit.
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tion and the discount rate. Other variables, which are 
non-linearly related to f and h^, are the M^. Since 
the also describe the stochastic process, they appear
in both the decision rule and the stochastic process. The 
cross equation restrictions imposed by the appearance of 
parameters in both the equations is a distinguishing 
feature of rational expectations models.
Implications of the Single Equation Estimation 
The estimation results depend upon the estimation tech­
nique. when the price and production equations are esti­
mated individually, both h^ and f are significant at .01 
level. The two parameters are opposite in sign as hypothe­
sized. Furthermore, h^ and f are of the hypothesized
sign. By estimating each equation individually, this model
of agricultural supply response supports the following 
hypotheses. First, farmers use all information available to 
them and optimally allocate their crop land each year. 
Second, farmers' yields are constrained by their prior 
allocations of land. Third, since the long-run price 
elasticity of rice acreage is less than the short-run 
elasticity, the results refute the hypothesis that farmers 
are away from but tending toward their long-run equilibrium 
position because they are incurring some "adjustment 
costs."
The first point listed above, that farmers optimally 
allocate their land in each time period in order to 
maximize profits, is supported by the significance of the 
key parameters within the decision rule, f was specified 
to capture land productivity deterioration. Since it was 
hypothesized that an f greater than o would result in crop 
rotation and because f was estimated to be positive, then 
the hypothesis that farmers are constrained by prior land 
use was supported by the Single Equation model. This 
finding implies that the dynamic element of a farmer's 
decision rule can be explicitly modeled by capturing the 
technical constraints of the farmer. Prevalent among these 
technical constraints is the natural process of land 
productivity deterioration due to successive plantings of 
the same crop.
Finally, the third point listed above concerning elas­
ticities implies that there is a shortcoming with respect 
to an assumption of traditional adaptive expectation 
models. The traditional models assume that farmers are
perenially away from their long-run equilibrium position 
because they suffer from "adjustment costs." Alternatively, 
they never fully react to changes in the information set 
available to them. Consequently in traditional models, the 
short-run price elasticity of supply is hypothesized to be 
less than the long-run elasticity.
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The model in this study, being based upon Sargent's 
methodology, hypothesizes no relationship between the 
short-run and long-run price elasticity of supply. That 
is, the long-run elasticity could be less than, greater 
than, or equal to the short-run elasticity. In the single 
equation model of this study, the short-run elasticity 
exceeds the long-run elasticity. Therefore, the tradi­
tional agricultural supply response concept of a deviation 
from long-run equilibrium, which implies that the long-run 
price elasticity of supply is greater than the short-run 
elasticity, is refuted. Although the mathematical model 
derived in Chapter 3 hypothesized no relationship between 
the long-run and short-run elasticities, there is intuitive 
support for the outcome of the single-equation estimation. 
In the short-run, an acreage response to relative price 
changes can be substantial, since effects of land 
deterioration can be overcome by increasing the use of 
factors of production other than land. For example, if 
rice prices rise enough to justify increasing the 
expenditures on fertilizer and pesticides, then the supply
I
response would become quite elastic in the short-run. 
However, in the long-run fertilizer and pesticide costs, 
which would be necessary to overcome the natural process of 
declining land productivity resulting from continuous 
mono-cropping, would accelerate. Repeated monocropping in 
long-run stationary state equilibrium will accumulate the
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land deterioriation effect that must be offset by other 
inputs. Therefore, the supply response for a given price 
ratio will be more elastic in the short-run than in the 
long-run.
Implications from Estimating the Two Equations as a System 
The results of the two equations estimated as a system 
by SUR are similar to those of Eckstein. The signs of h^ 
and f are opposite to their hypothesized signs. Further­
more, the long-run price elasticity of rice supply exceeds 
the short-run elasticity. Therefore, simultaneous estima­
tion supports the "adjustment costs" theory consistent with 
the adaptive expectations model. Eckstein's estimates of
h^ and f were also opposite to their hypothesized sign. 
Furthermore, Eckstein's elasticity estimates supported the 
"adjustment costs" theory.
Three phenomena, which were not specified in the model, 
could affect the hypothesized signs for h^ and f. The
first arises from an aggregation problem associated with
the data. The second concerns the unknown lag length in 
the rice acreage and relative price vector autoregressive
process. The third stems from the ability to offset land 
deterioration by using other factors of production.
If rice farmers as a group could be isolated, there 
would be minimal aggregation problems with the data. Rice
farmers' land usage toward rice and its substitute,
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soybeans could then be analyzed. The aggregation problem 
lies in the fact that a large area of woods was cleared in 
the sixties and seventies. To a large extent this newly
cleared land was allocated to soybean production because 
rice production required an investment in grading, 
leveeing, and irrigating the land. Explanations for this 
failure to invest may stem from risk averse farmers, 
imperfect capital markets, or institutional constraints. 
Soybean farmers, who are unfamiliar with rice production 
and are therefore hesitant to grow rice, illustrate an 
institutional constraint. Another example of an institu­
tional constraint would be federal farm program rice 
acreage restrictions.
Secondly, instability discovered during investigation 
of the VAR process created uncertainty with respect to the 
lag length of the rice acreage and price process.
Finally, other elements, which compensate for land 
productivity deterioration, but which were not included in
the model are fertilizer, pesticides, and herbicides.
Eckstein illustrated that by acknowledging the effect of 
fertilizer on production, h^ could assume a negative
value. These other factors of production were excluded 
from the model due to a lack of data concerning their 
prices and quantities.
95
The multiple equation model is more susceptible to the 
omission of other inputs, because the cross-equation 
relationships among parameters are recognized during 
estimation. Alternatively, there are less restrictions in 
the multi-equation model. Since the parameters of the 
stochastic price process also appear in the decision rule, 
then the multi-equation model incorporates the direct 
relationship between crop prices and amounts of factors of 
production. Variations in the amount of inputs will affect 
the parameters in the decision rule appearing in 3-25 as 
well as the parameters of the stochastic process. In 
contrast to the multi-equation model, the single-equation 
model applies the ARIMA estimates of the stochastic price 
process to restrict the corresponding parameters appearing 
in the decision rule. Thus, the relationship between crop 
prices and input use is subdued in the single-equation 
model, since the decision rule is estimated while holding 
the estimates of the price process parameters constant.
Implications Regarding Government Policy Analysis
Primarily, this section criticizes the traditional 
methodology of government policy analysis. Policy conclu­
sions are conventionally deduced by assuming that agents' 
rules of choice do not vary due to the government's choices 
regarding subsidies, deficiency payments, etc.
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In traditional models observations on these government 
policy variables would be explicitly involved in the deci­
sion rule. For example, the specification of the decision 
rule developed in this study might also serve as a speci­
fication for an adaptive expectations study. However, in 
the adaptive expectations specification, a government 
policy variable, such as the loan rate, might appear in the 
decision rule. In the traditional model, the parameters
associated with the lag price and lag acreage variables 
assume a different meaning than their counterparts in the 
model developed in this study. As discussed in Chapter 3, 
the parameters in the rational expectations model are a 
nonlinear function of the underlying, free parameters 
appearing in the production function, profit maximization 
rule, and autoregressive process of the relative price 
series.
In the traditional model, the impact of the government 
loan rate would be deduced by simulating the model in 
accordance with different scenarios for the government 
policy variable. The problem with this methodology is that 
the parameters appearing in the specification of the 
decision rule are not the underlying parameters of the 
decision rule. Hence, the traditional procedure ignores 
the phenomenon whereby a change in government policy 
changes the stochastic process of relative prices which
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changes the parameters of the stochastic price process 
which also appear as parameters of the decision rule.
To better model government intervention, some link must 
be established between government policy and its impact on 
the stochastic process of the relative price, Wfc, and 
hence its impact on the parameters appearing in the 
autoregressive process of wfc. Once these consequences 
are accounted for, then the impact of government policy 
could be more fully comprehended by using the underlying, 
free parameter estimates describing agricultural supply 
response.
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APPENDIX
Table A. 1 Mississippi Delta Rice Data
Acreage Pr i ce Yield 1ncome/Acre
1934 530 1 .82 19.44 35
1935 550 1 .66 19.13 32
1936 639 1 .95 21 .01 41
1937 706 1 .47 19.93 29
1938 683 1 .42 20.07 29
1939 651 1 .65 20.43 34
1940 660 1 .86 19.33 36
1941 756 2.88 18.64 54
1942 873 3.58 18.56 67
1943 856 3.94 17.66 70
1944 839 3.93 19.26 76
1945 864 3.99 18.87 75
1946 909 5.10 18.28 93
1947 971 5.75 18.11 104
1948 1014 4.77 20.15 96
1949 1002 4.23 19.73 84
1950 900 5.10 20.95 107
1951 1084 4.74 19.93 94
1952 1083 5.67 20.86 1 18
1953 1 143 4.97 22. 12 1 10
1954 1428 4.27 24.35 104
1955 1012 ' 4.83 29.42 142
1956 876 4 .87 29.26 143
1957 763 5.23 28.81 151
1 95S 783 4.95 27.86 1 38
1 959 880 4.62 30.82 142
Price in $/cwt, Yield in cwt/acre 
Acreage in 1000, Income in $
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Mississippi Delta Rice Dat*
Acreage Pr i ce Yield Income/Acre
1940 886 4.47 31 .48 141
1961 886 5.25 31 .93 168
1962 983 5.01 34.04 170
1963 983 4.95 37.76 187
1964 992 4.87 37.56 183
1965 999 4.89 38.83 190
1966 1097 4.96 39.91 198
I ?67 1097 5.03 42.03 21 1
1968 1318 4.96 40 .68 202
1969 1 186 5.05 40 .01 202
1970 1012 5.19 43. 15 224
1971 1014 5.37 43.84 235
1 *72 ’ . 1014 6.83 43.62 298
1973 1215 14.72 40 .73 599
1974 1493 10.00 41 .21 412
1975 1727 8.47 41 .98 356
1976 1559 6.98 44.04 30 7
1977 1423 9.56 40 .25 385
1978 1892 8.14 42.32 345
1979 1755 10.57 41 .65 440
1930 2105 12.07 39.24 476
1981 2544 9.34 43.82 409
1 932 2173 8.46 42.35 356
1933 1461 9.15 41 .28 37d
Price in %/cwt, Yield in cwt/acre 
Acreage in 1000, Income in $
Table A.2 Mississippi Delta Soybean Data
Acreage Price Yield Income/Acre
1934 58 1 .92 11 .90
1935 75 1 .83 8.67
1936 125 2.22 7.37
1937 116 1 .45 9.19
1938 142 1 .20 8.95
1939 150 1 .30 9.17
1940 117 1 .25 1 1 .53
1941 204 1 .72 13.14
1942 495 1 .77 14.21
1943 450 2.15 10.47
1944 354 2.21 14.43
1945 294 2.16 15.21
1946 392 2.70 17.50
1947 . 255 3.07 12.61
1948 432 2.17 18.59
1949 424 2.03 18.81
1950 976 2.25 22.65
1951 1070 2.62 17.13
1952 1362 2.69 15.12
1953 955 2.51 1 1 .47
1954 1550 2.47 1 1 .26
1955 1931 2.06 18.51
1956 2376 2.16 17.33
1957 21 17 2.06 22.05
1958 2956 1 .95 23.98
19.59 3369 1 .97 24.08
Pr i ce i n $/bu, Yield in bu/acre
Acreage in 1000, Income in % 1
23
16
16
13
1 1
12
14
23
25
23
32
33
47
3?
40
33
51
45
41
2 9
23
38
37
45
47
47
Mississippi Delta Soybean Data
Acreage Price Yield Income/Acre
I960 3541 2.11 21 .44 45
1961 3795 2.27 20 .22 46
1962 4008 2.35 20 .97 49
1963 4536 2.59 18.23 47
1964 4695 2.65 19.95 53
1965 5633 2.52 21 .76 55
1966 6396 2.79 23. 12 65
196? 7415 2.50 23.14 58
1968 7545 2.45 24.36 60
196? 8126 2.3? 20 .63 49
1970 8314 2 .8? 22.92 66
1971 8576 3.02 ' 21.98 66
1972 8181 4.09 20 .46 84
1973 8980 5.62 23.55 132
1974 8560 6.95 20.09 140
1975 9740 4.5? 26.17 120
1976 9820 6.98 22.05 154
197? 10930 6 .1? 22.62 140
1978 1 1340 6.67 23.62 158
1979 12600 6.32 28.33 179
1980 1 1550 7.90 16.78 133
1981 11230 6.24 21 .40 133
1982 10850 5.70 25.19 144
1 983 9420 7.83 20 .01 157
Pr i ce in $/bu, Yield in bu/acre
Acreage in 1000, Income i n *
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